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APPENDI X A
DESI GN CONSI DERATI ONS FOR LANDFARMS

1.0 | NTRODUCTI ON

Landfarm ng is one formof a class of technol ogies
col l ectively described as biorenedi ation. In |andfarm ng,
m croorgani sns present in soil are stinulated to use the
contam nants (usually hydrocarbons) already present as an energy
and/ or carbon source. The hydrocarbons are either incorporated
into biomass or transformed into sinpler nolecules, with sone of
the material mneralized to carbon di oxide and water.
Landfarm ng i s al nost always perfornmed on surface or shall ow
soils, typically to depths less than 2 feet.

Bi orenedi ati on processes require the application of proper
nutrients, pH controllers, mxing and water to pronote the
maxi mum m cr obi al degradati on of the hydrocarbons present. In
addition, the mgration of materials of concern fromthe | andfarm
area nust be controlled to prevent potentially hazardous
materials fromescaping into and inpacting the surroundi ng area.

The process operates very nuch like a crop farm except that
the "crop" is conposed of m croorgani sns which are usually
capabl e of using the hydrocarbons as a food source. A flowchart
show ng the | andfarm application strategy is provided in Figure
A-l.

Most | andfarns treat hydrocarbon fuels and fuel products.
In general, the appropriate state agency will require a work plan
to include operations and closure procedures prior to the
commencenent of | andfarm operations. Usually, the agency
involved is the state environnmental regul atory agency, but there
are exceptions (e.g., the Texas Railroad Conm ssion has
jurisdiction over petroleum exploration and production spills in
Texas).
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A clear distinction can be nade bet ween:

I a process which incorporates fuel products or sludges into
soil to affect their treatnment (i.e., "making cl ean
soil dirty"), and

using the process to treat soils which have been affected
by fuel or other hydrocarbon spills ("making dirty soi
cl ean")

The fornms of closure required for these two types of
| andf arm ng may be considerably different. The chapters which
describe regulatory requirenents and closure requirenents
primarily focus on RCRA issues because they are national in scope
and fairly consistent. Requirenments for particular sites,
however, may differ considerably.

1.1 PURPGCSE
Thi s Engi neering Technical Letter (ETL):

I describes how landfarmng is intended to work,

I provides the necessary information and procedures to
eval uate applicability of the technol ogy, and

provides the information to properly design, specify and
operate successful landfarns to treat a variety of
hydr ocar bon- beari ng waste materi al s.

The ETL is intended to aid the designer and others who
possess sonme know edge of civil engineering, chemstry, chem cal
engi neering, mcrobiology, and mathematics to select effective
solutions to environnental problens for which | andfarm ng nay be
a renedy.

1.2 SCOPE
The following topics are discussed in this ETL

I Chapter 1 introduces the subject nmatter, presents the
organi zation of the ETL, and describes the principles of
operation, including the basis for the m crobiol ogi cal

A-3
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activity and the factors which influence the | andfarm ng
process;

Chapter 2 discusses the applicability of the technology to
a variety of wastes and sludge types, with primary
enphasi s on refinery products;

Chapter 3 presents the basic regulatory requirenents which
must be net, and their potential inpact on the operation
of | andfarns, including consideration of state-specific
requirenents;

Chapter 4 describes the kinds of treatability studies

whi ch shoul d be perfornmed, the data and types of analysis
used to nonitor the studies, and the progression from
bench-scal e studies to denonstration plots;

Chapter 5 presents the design requirenents for sizing,
selecting materials of construction, and providing the
necessary support facilities;

Chapter 6 discusses the operating paraneters used to
performlandfarmng, their interrelationships and the
techni ques used to neasure and adjust the operating
paraneters in the field;

Chapter 7 presents the sanpling and verification
procedures used to determ ne when the operation has
achieved its stated objectives and can either be closed or
anot her | ayer of contam nated soil can be added;

Chapter 8 describes the design and construction materials
t hat shoul d be used,;

Chapter 9 presents the contents and el enents of a typical
desi gn and construction package for a | andfarm
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1.3 REFERENCES

The reference material used in the devel opnent of this ETL
as well as suggested sources of additional information are |isted
i n Appendi x C, Bibliography.

1.4 BACKGROUND

Landfarm ng technol ogy was devel oped in the petrol eum
refining business. Refiners who dunped residual sludges and
heavy oils fromrefining processes on the ground noticed that the
vol une of material reduced over tinme. |Investigative work
denonstrated that volatilization, dissolution into surface and
ground water, sorption to the subsurface soils, and
bi odegradation contributed to the volune reduction. By applying
nutrients, line and water, biodegradation becane the primary
mechani sm The process soon becane the standard nethod for
treating many types of refinery sludges. Land "farnms" were
established at all major oil refineries.

Environnental legislation in the 1970s and especially,
passage of RCRA in 1980, pronpted a search for cost-effective
met hods to treat soils contam nated with hydrocarbon materials.
Landfarm ng was one of the nethods considered for site cleanups.
This resulted in the follow ng changes in |andfarm ng practices:

I the enphasis went from applying wastes to soils to
remedi ati ng contam nated soil

monitoring of nutrients, water, pH and chem ca
conposition of the wastes increased;

regul ati ons governing the construction of treatnent cells
changed | andf arm desi gn dramatically; and

cost per unit of treated material increased considerably,
primarily as a result of these construction standards and
nmoni tori ng costs.
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Permtting and permt requirenents becanme a part of the
desi gn and operational process. Although the process is designed
to renmove hydrocarbon materials fromsoil, air and water inpacts
nmust be nonitored and controll ed.

Much of the historical data for land treatnent conmes from
experience at petroleumrefineries and ot her hydrocarbon
processing facilities, where oils and oily sludges were applied
to specific areas of soil for "natural" renediation. Data from
refinery landfarns is applicable to hydrocarbon renediation in
soils at incidental waste sites. |In 1983, the Anmerican petrol eum
Institute comm ssioned a report summarizing the data then
avai lable for refinery |landfarns (API, 1983). Tables A-l and A-2
show the summarized data for full-scale and pilot-scale refinery
landfarns in the United States at that tinme. Many of the factors
di scussed bel ow were tracked in the study. The data summary
includes five types of typical refinery petroleum "hydrocarbon”
wast e streans.

1.5 PRINCIPLES OF OPERATI ON

In general, mcroorganisns already present in soils are
capabl e of degradi ng hydrocarbon materials if given the proper
set of environnental conditions. These mcrobes wll selectively
grow and becone nore efficient in degrading the hydrocarbons,
even in the presence of increasing concentrations of inhibitory
mat erials such as netals or substituted hydrocarbons, (e.g.,
pol ychl ori nat ed bi phenyls [PCBS]). However, because not al
hydr ocar bon- based materi al s are bi odegradabl e, the technical
approach has its limts.

In sone cases, special mcroorgani sns have been successfully
added to "natural" |andfarm applications (e.g.,
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for treatnment of pentachl orophenol from wood-treating
operations). In general, however, indigenous (native) organisns
are used because inocul ated organi sns have a poor survival rate,
whi l e the indigenous population is adapted to the environnent

al r eady.

1.5.1 Mcroorgani sns _and Bi orenedi ation

The objective of landfarmng is to reduce or elimnate
organi ¢ conpounds froma soil matrix, using mcrobes to either
transformthe conpounds into conmpounds of |ess environnmental
concern, or to mneralize those conpounds to sinple conpounds
(such as carbon di oxi de, nethane, and water). The process is
al nost al ways aerobic, neaning that oxygen is the primary
el ectron acceptor in the mcrobial degradation process, but
al nost certainly has an unavoi dabl e anaer obi c conponent due to
the nature of the soil

Landfarm ng of waste is based on the recognition that soils
contai n nunerous and various m croorgani sns whi ch degrade the
myriad of sinple to conplex natural organic conpounds from
pl ants, animals and m nerals which conpose the soil. The
resul ting decay, humfication, deconposition and weat hering | eads
to soil formation and alteration. Mcroorganisns' role in this
process nmakes themideally suited for deconposing other natural
and xenobiotic (manmade, not naturally occurring) conmpounds wth
chem cal structures simlar to or shared with the soil's norma
conponent s.

The land "farm ng" process is simlar to that used for good
agricultural cropping practice:

cultivate for aeration,

cultivate to mx soils and nutrients,
fertilize,

mai ntain water availability, and
control pH

All of these processes are perforned in crop farmng to
mai ntain both the crop plants and the m croorganisns in the soi
whi ch are essential to the health of the soil and the crop
plants. In landfarmng, the health and growmh of the

A-9
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m croorganisns is critical to the success of the process. The
ultimate goal of the process is to degrade the organic
constituents. Thus the process and its controlling paraneters
shoul d be optim zed based on the degradation rate of the
constituents.

Degradati on usually proceeds nore rapidly under aerobic
conditions; these can be efficiently achieved with equi pnent such
as deep plows or rakes which "fluff" and mx the soil with air.
The depth to which soil is raked or plowed is considered one
"l'ift." Lifts range from6 to 24 inches in depth, depending on
soil type, equipnent, and operating procedures. Sone equi prment
can mx to depths of up to 48 inches in honogeneous, sandy soils,
but typical lifts range from9 to 12 inches. Deeper lifts tend
to be less effective for rapid degradati on because oxygen
di ffusion is sl owed.

The intent of tillage is to establish direct contact
bet ween:

oxygen,
sui tabl e m croorgani sns,

t he petrol eum conpounds of concern,
wat er, and

an adequate nutrient supply.

The process, illustrated in Figure A-2, is acconplished by
bacteria, fungi, and to a |l esser extent, higher unicellular
organi sms. Mcrobes typically extract energy and nutrients for
cell growth by breaking down the |arger organic conpounds into
sinpler and smaller nol ecules, which results ultimately in
m neral i zati on.

Bacteria are approximtely 14% and 3% (dry wei ght) nitrogen
(N) and phosphorous (P), respectively. Metals and ions of
pot assi um sodi um and magnesi um are al so conmon cel | ul ar
constituents. These nutrients aid in mcrobial netabolism of

A-10
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wast es and ot her conpounds and are necessary for m crobi al
grom h. The nost inportant nutrients are N (preferably fixed as
anmmoni umion or nitrogen oxides [NO]) and P (preferably as

ort hophosphate for ease of assimlation by the m crobes), which
naturally occur in soil organic matter. However, they are not
usual ly present in concentrations sufficient to support optinum
wast e degradation. Nutrient addition is usually needed to

i ncrease degradation rates.

Mcronutrients, (i.e., nmetal cations) are al so necessary for
effective mcrobial growth and waste degradation. Mst soils
have sufficient natural mcronutrients to support the |andfarm ng
process.

Typically, tropical soils can present several problens for
bi ol ogi cal treatnent of sludges. Soils subjected to nonsoonal
rains often consist of oxisols, aristisols and/or vol canic ashes.
Experience with the |l andfarm ng of refinery sludges in tropical
West Africa and Sout heast Asia suggest that:

I The use of oxisols as incorporation zone soils should be
avoi ded. These hydric soils lack the workability and
m cronutrients to be of |Iong termuse.

Aristisols may be used with proper anendnent. These soils
constitute many of the commonly avail abl e agricul tural
soils within the area. However, because of excessive

| eaching from nonsoonal rains, many of these soils |ack
the mcro-nutrients required to sustain a bionass
considerably larger than that normally found in
agricultural soils. These soils also lack the required
buffering capacity to prevent significant changes in pH
These deficiencies may be overcone with the addition of
ash fromthe burning of agricultural wastes and the
addi ti on of carbonaceous anmendnents to suppl enent the

m cronutrients and i nprove the soil's buffering capacity,
respectively.

Soils derived fromvol canic ashes are commonly used in
| and treatnment applications. These soils can provide good
drai nage and workability characteristics during wet

A-12
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weat her. However, these soils often require mxing with
nmore "l oany" type agricultural soils in order to provide
sufficient "clay-sized" fractions required to increase the
avai |l abl e surface area. Additionally, because these soils
are relatively sterile (contain very little natura

bi omass), an inocul ation of the proper m crobiol ogical
consortium may be required. This can be achieved with the
addi tion of sludges from nunicipal activated sl udge

pl ants, the addition of agricultural mulches from
conposting facilities or other aerobic degradation biomass
sour ces.

As with any biochem cal reaction, mcrobial nmetabolismis
t enper at ur e- dependent. Conventi onal w sdom hol ds that the
ef fective, practical biodegradation process essentially stops at
or below 10°C (50°F); acceptabl e degradation rates occur above
21°C (70°F), and the tenperature range of 32-38°C (90-100°F) is
considered optimal. However, m croorgani sns may perform
degradation at |ower tenperatures if they are acclimated. Hi gher
operating tenperatures are encountered in conposting processes.

Aer obi ¢ degradati on processes usually produce carbon di oxi de
as a principal product, and acidic organic internedi ates or end
products. This can render soil pore water acidic if conplex
buffering counter ions are not present. Monitoring and control
of pHis necessary so the soil does not becone so acidic that the
m crobes becone inactive or die. Hydrated line (Ca(OH),) is the
usual agent used to control the pHin the landfarm O her
avai l able pH control additives are further described in Section
6.4. 3.

1.5.2 Unit "Processes"
Landfarm ng can be viewed as a series of unit processes
whi ch conbine to produce renediated soils. The unit "processes”
necessary for biodegradation to occur in a |land treatnment cel
are as foll ows:

I source of organic carbon (FEED)

I sufficient nutrients nmust be provided, nonitored and
controll ed (FEED);

A-13
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I a source of water nust be applied, nonitored and
controll ed (D LUENT/ SOLVENT);

I Introduction of oxygen (or an other electron acceptor)
(M XI NG AERATI ON) ;

pH monitoring and control (pH CONTRCL);

where practical, nonitor and control soil tenperature to
above 70°F ( TEMPERATURE CONTRQL).

The neasurenment and nonitoring of land treatnent systens
i nvol ves:

I controlling paraneters: those used to control the
process, and

I indicating paraneters: those used to indicate process
per f or mance.

The principal Controlling and Indicating paraneters are
listed in Tables A-3 and A-4, respectively.

1.5.3 Controlling paraneters

Controlling paraneters are those constituent concentrations
or environnental conditions which act to limt the |andfarm ng
process and whi ch can be mani pulated to optim ze the degradation
of the waste's constituents.

Nutrients and Nutrient Balance. The "crop" being grown in
|andfarmng is mcrobes. The appropriate nutrient bal ance for

A-14
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Table A-3

Landfarming Controlling Parameters

Controlling Parameters

Purpose of Controlling Parameters

Nutrient content and balance

Adequate supply to:
Maximize microbial population
Optimize metabolic processes

pH

Control:

Optimum for microbes
Immobilize metals
Nutrient/substrate availability

Tillage

Entrainment of air

Optimum dissolved oxygen in solution
Mixing/distribution of nutrients, moisture,
microbes, substrate

Moisture

Insure adequate water for:
Microbial processes

Delivery of nutrients

Maintaining tillability/soil properties

Oxygen (Electron Acceptor)

Optimize degradation kinetics

Temperature

Optimize degradation kinetics

Hydrocarbon Dose Rate (if
applicable)

Optimize substrate availability/degradation
kinetics

A-15
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Table A-4

Landfarming Indicating Parameters

Possible Indicating Parameters

Purpose of Indicating Parameters

Collective Organic Parameters (e.g
TPH, TOX, TOO, O&G)

Rate of degradation of general substrate
as indicator of general remediation rate

Carbon Dioxide in Soil Gas

Indication of aerobic degradation

Specific Chemical Constituents

Rate of degradation of target compounds
indicating specific remediation rate

Microbial Enumerations

General indicator of health of microbial
population

Oxygen Uptake Rate (OUR)

Indicator of aerobic metabolic
consumption of oxygen and the general
“health” of the microbial consortium.
Potentially use in estimating the rate of
hydrocarbon degradation

MICROTOX Relative Toxicity (or
other general toxicity tests)

indicator of detoxification of waste as a
measure of remediation progress

A-16
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their good growth can be approxi mated fromthe m crobes
conposition. However, just as mcrobial growth is not

i nst ant aneous, the requirenent for specific nutrients is not

i nstant aneous. These nutrients can be continuously applied at

| evel s matching the mcrobial growh rate, or to match the

m crobes organi ¢ carbon consunption rate. Higher initial
applications nmay be appropriate to stinmulate the initial burst of
growt h and i nduce various netabolic processes.

Degradati on of wastes and consequential mcrobial growth
are biochem cally dependent on enzynes and structures which are
pol ynmers of am no acids and non- protei naceous cell constituents
with N as a conponent (such as DNA, RNA and ot hers). pr ot ei ns
contain one or nore am no groups and are typically 14-16% N by
wei ght. Since proteins nake up about 50% of the bacterial cell's
dry weight, protein and N are critical to the growh and health
of the mcrobes. |If the organisns are deficient in avail able
nutrient N, mcrobial netabolismand growh are inhibited or
st opped.

Simlarly, phosphorus is an integral conponent of many cel
menbrane structure |lipids, cellular energy transferring nol ecul es
such as ATP, GIP, CTP, and DNA and RNA, the genetic polyners of
all cells. If Pis deficient, synthesis of these conpounds is
limted and the cell will not grow and reproduce.

Section 6.4.2 (Nutrients) describes the desired
concentrations and ratios of N and P to the anpbunt of carbon
present as TPH or Q1 & G ease.

In practice, N and P concentrations as available forns (NH,,
NO,, NO,, PO,) are nonitored in the field. To avoid | ocal
over |l oadi ng and undesirable pH effects, a fraction of the
theoretical dose is applied several tines during the treatnent to
permt efficient use of the fertilizer. Agricultural or garden
fertilizers are effective sources of N and P for |andfarm ng.

pH A pH between 6 and 8 standard units (SU) in a soil/water
matrix is needed for rapid | and treatnent processes.

The buffering of the system (resistance to | arge pH changes
fromacid or base concentration) should be adequate to prevent
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sudden pH changes which can sl ow the degradati on process. Rapid
pH changes can tenporarily inhibit the m crobes that degrade
waste constituents. Buffering capacity is an estimate of the
anmount of base or acid which can be added w thout a sudden or
significant change in pH The buffering capacity is a better
paranmeter for judging the time and quantity of base or acid to
add to the systemto adjust pH

If the matrix contains a relatively high concentration of
heavy netals, the higher end of the pH range (7-8) may serve to
keep the netals in a relatively insoluble formreducing their
avai lability and potential toxic effects on the process and
| eachability. Additional discussion of the effects of pH on
metals is included in section 2.3.2.1

Tillage. Tilling (cultivation) of the |l andfarm m xes the
soil, waste, nutrients, water, mcrobes and oxygen into the
soil/water matrix. This nmay be perforned using deep rakes,
plows, rototillers, or tractor and disc sets, depending on the
required depth of the Iift, the soil type, the honbgeneity of the
soil matrix, and the size of the treatnment cell.

Tilling frequency depends on the soil tillability, the soi
matri x texture, its ability to drain water and entrain air, and
the rate of biodegradation. Tilling frequently to enhance soi
oxygenation is desirable. Typical frequencies range fromthree
times per week to nonthly. Overtilling, particularly with
certain soil types or with aggressive inplenents, can and has
been known to destroy tilth or loft of soils, effectively
destroying the desirable soil properties and inhibiting
remedi ation. Also, tilling soils with noderate to high clay
contents can lead to the formation of "clods", which upon drying
will be very hard and difficult to penetrate.

The tilling frequency is determ ned by experience and
observation of the soil. After tilling, the soil loft produces a
"fluffed" appearance which is the ideal state for aeration.

Moi sture penetration after rain or watering will mnimze this
| oft and may require another tilling. If the soil tilthis
destroyed as descri bed above, the soil will need to be anended
Wi th manure or straw to inprove the soil properties.
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Moi sture. M crobes cannot usually access waste constituents,
nutrients or oxygen if those materials are not dissolved in
water. The cells nust also maintain water within the cell or the
concentrations of internal salts, organics and other dissolved
species will increase to the point of precipitation and danage to
the cell nmetabolic systens. Many of the enzynmes responsible for
transporting nutrients and waste constituents into the cells are
physically stable only when hydrated (surrounded by water).

The optimal water bal ance of the |landfarm ng systemis
actually variable, depending on the soil's affinity for water. If
the m crobes cannot retain water and lose it to the soi
particles, the degradation process wll slow or stop. Excess
water can fill the soil pore spaces and prevent air entrainnent
and infiltration. Excess water can al so | each out many of the
nutrients and carry themvertically below the cultivation zone.
See Section 6.4.1 for target npoisture content ranges.

Water is typically added to the treatnent cell using a punp
froma collection sunp or tank, and hoses wth sprinklers to
di sperse the water across the cell. |In sonme designs, nutrients
may be added to the water in the collection tank prior to
sprinkling to assure conpl ete dispersal of the nutrients.

Field water neasurenents utilize a variety of tensioneters
or noisture neters which nmeasure soil water content on severa
bases, such as soil suction, resistivity or conductivity.

Met hods of noisture content neasurenent are discussed in further
detail in Section 6.4.1.

Alternate El ectron Acceptors. The amount of energy avail abl e
to mcroorganisns is, in part, a function of the electron
acceptor used. Al other factors being equal, relative energy
avai l able fromelectron acceptors is: 0,>N0;>S0,>CO..

M croorgani sns usually derive energy via transfer of electrons
fromelectron donors to electron acceptors. Electrons are
usual | y generated during oxidation of organics (el ectron donors)
Under aerobic conditions, oxygen is the preferred el ectron
acceptor. Under anoxic or anaerobic conditions, NO;, SO, or CG
may serve as electron acceptors. |Iron and other organic
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conpounds nmay al so serve as el ectron acceptor under anaerobic
condi ti ons.

Nitrates are highly soluble in water and readily | each from
soils, so releases of nitrates to ground or surface water
supplies becone a regulatory concern and places additional limts
on the use of nitrates in |landfarm ng applications.

O her potential electron acceptors, such as sulfate, also
require anaerobic conditions. The end product of sulfate
reduction, hydrogen sulfide, is both a nuisance odor and a
toxicity issue.

O her. In practice, the only way to control the operating
tenperature of a |andfarm ng systemis to enclose it in a
climate-controlled building. This also permts better control of
the soil noisture and hence other operating control paraneters.
In colder, very dry or rainy climates, the expense of the
bui | ding may be nore than conpensated by the inproved degradation
rates.

For landfarm ng systens where solid or liquid wastes are
applied to soil, the rate of application is also a control
paraneter. Adding wastes too frequently or at too high a
"dosage" may inhibit nutrient and oxygen transport to the
m crobes and may al so create toxic effects. Adding wastes too
slowy or in too |low a dosage may starve the system for carbon
cause the mcrobial population to shrink, and not provide optinma
degradati on rates.

1.5.4 |Indicating Paraneters

I ndi cating paraneters are those neasurenents which nonitor
the progress of treatnment and the system s response to changes in
the controlling paraneters, but are not directly changed or
control | ed thensel ves.

Several neasurenents should be taken during landfarmng to
indicate directly or indirectly how successfully the m crobes are
transform ng or mneralizing the waste. These consist of:
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col | ective hydrocarbon content measurenents,
air em ssion neasurenents, and
I mcrobial enuneration nethods (e.g., plate counts),

Col l ective Hydrocarbon Content. Collective hydrocarbon
paraneters incl ude:

Total Petrol eum Hydrocarbons (TPH or TPHC)
Hydrocarbon Q| and G ease (HO&G,

Total Organic Carbon (TOC), and

Pur geabl e Organi c Carbon (PQOC).

These nmet hods (other than TOC) are based on extracting the
hydrocarbon materials into a solvent and neasuring the
hydr ocarbon content of the solvent m xture through a detector
system (usually IR or G). The nethods differ in the detection
met hod and choi ce of solvents. TOC is neasured by oxidizing the
sanpl e and neasuring the carbon di oxi de produced in the
oxi dati on.

The neasurenent of collective hydrocarbons is particularly
useful when dealing with fuel spills or sludges, where the
m xture may contain hundreds or thousands of specific hydrocarbon
conpounds. As the treatnent progresses, the hydrocarbon content
shoul d be reduced as progress toward m neralization occurs. It
is not generally practical to track the degradation of fuel
products by chem cal constituent, but a collective paraneter
allows the progress to be neasured in a general way.

Air Em ssions. Air sanples serve three purposes in
| andf ar m ng:

I to verify conpliance with any site air nonitoring plan;

to nmeasure hydrocarbon em ssions for material bal ance
cal cul ations; and

to nmeasure the carbon di oxi de concentration in or above
the treatment cell which can be used as an i ndex of
m crobi al respiration.
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Air nonitoring plan and em ssions requirenents are
determ ned on a site-specific basis and should be verified prior
to devel oping or inplenenting the nonitoring plan. These tests
may be perfornmed using field instrunents and neters, or by
collecting air sanples for |aboratory analysis.

Air nonitoring requirenents should be determ ned during the
desi gn phase so that appropriate air nonitoring specifications
can be witten. The air nonitoring plan will be devel oped from
the designer's air nonitoring specification.

M crobial Enuneration. Mcrobial enunmerations are conducted
to denonstrate the response of the mcrobial population to the
favorabl e conditions created for the degradation of wastes by the
amendnent of the controlling paraneters. Serially diluted
sanpl es of soil and/or water are spread, poured, or placed evenly
over a source of nutrients (usually an agar stabilized gel of
nutrients and organi c carbon sources) on plates (usually Petri
di shes) and incubated at a set tenperature for a given period of
time from2 to 14 days. The nunber of m crobial colonies visible
on the plate is counted and the nunber of colony formng units
(CFUs) fromthe dilution on a per mMl or grambasis is cal cul at ed.
The nunbers are often presented in powers of ten (hundreds,

t housands, mllions, etc.) to sinplify reporting and recogni ze
some of the uncertainty in the method. Statistical nethods may
be applied to report a Mdst Probable Nunmber (MPN) technique of
vi abl e m crobes using broth-filled test tubes and seri al
dilutions. The result is an indicator of the nunber of

het er ot rophi c bacteria per gramof soil.

The dilution plates of m crobes may al so be incubated under
a specific hydrocarbon atnosphere (e.g., gasoline), or with
hydr ocarbons (e.g., notor oil) suspended in the agar or broth, to
determ ne the relative popul ati on of specific functional species
such as those capabl e of degradi ng hydrocarbons.

It is critical to recognize the [imtations of these
counting systens: they are useful in a relative sense only;
(i.e., initial versus 2 weeks versus 3 nonths, etc.). They are
not absol ute nmeasures of mcrobial activity or ability to degrade
wastes. They only indicate relative potential and relative
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changes in specific populations fromtinme to tine using the sanme
counting techniques. Standard plate or broth counting nethods
use rich, specially created nedia to grow the greatest nunber of
organi sms, but they do not grow all of the viable organisns
present and do not denonstrate the mcrobial comunity's ability
to degrade the waste constituents. They are a relative indicator
of the soil or water system s health and suitability for m crobes
in general.

Simlarly, "hydrocarbon" plate or dilution nethods are not
definitive for all the constituents of the waste. For exanple,
di esel fuel contains a variety of simlar and dissimlar
constituents. Mcrobial gromth with one or nore constituents
does not indicate or guarantee growh with the remaining
conpounds. consequently, plate or broth counts wth the wastes
as "food" can reflect growh on only one or a few constituents.
Only di sappearance of the collective waste constituents is
definitive.

1.6 ADVANTAGES AND DI SADVANTAGES OF LANDFARM NG
For conparison purposes, the advantages and di sadvant ages of
landfarm ng are listed in Table A-5.
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2.0 LANDFARM NG LANDFARM NG APPLI CABI LI TY

Landfarmng is not applicable to all wastes (e.g., those
with little or no organic content). Even for highly organic
wastes, certain classes of wastes can not or should not be
| andf armed due to various constraints. These constraints may
i nclude regul ations, toxicity, mgration, persistence, or simlar
i ssues. This section describes the wastes and related factors
whi ch shoul d be considered for applicability of |landfarm ng as an
appropriate technology for treating a particul ar waste or waste
constituents of concern. Included are exanples and di scussions
of specific waste types which should not be land treated. This
section also includes information on treatable wastes and i ssues
whi ch need consideration for successful treatnent.

This section is nmeant as gui dance. Note that regul atory
i ssues whi ch make | andfarm ng appropriate or inappropriate when
it mght otherwi se be excluded or included are presented in
Section 3.0. Table A-6 lists a variety of general guidance
docunents with additional information on biorenediation
technol ogi es in general and | andfarm ng.

2.1 H STORICAL USE AND APPLICABILITY MATRI X

Landf arm ng, when wel | -desi gned and operated for appropriate
wastes, is an econom cal and safe nmethod for treating
contam nated soils. Landfarm ng has, at tines, also been used as
de facto land (or air) disposal, wth the application to
| andf arns of wastes which were highly volatile or otherw se
nmobi l e, refractory to bi odegradation, toxic, or cunul ative.

Such applications present |long- and short-term hazards to
human health and the environnent, and are an econom ¢ and
regulatory liability to the operators and di sposers. Exanples of
such wastes (and constituents) are certain netals, inorganic
salts, refractory organics such as chlorinated dioxins, and
di benzofurans. Table A-7 lists exanples of categories of
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TABLE A-6

CGeneral Biorenedi ati on and Landfarm ng Gui dance Docunents

Docunent s

“Contam nated Soils - Regulatory Issues and Treat nent
Technol ogi es, " The Hazardous Waste Consultant, 4. 1—4. 24,
(Sept/Cct 1991)

“Cui del i nes for Land—reating Hydrocar bon—€ont am nat ed
Soi |'s,” Journal of Soil Contamination, 3(3) :299-318 (1994)

American PetroleumlInstitute. 1987. Land Treatability of Appendix VI

Constituents Present in Petroleum Refinery Wastes: Laboratory and Modeling Studies
APl Publication No. 4455, Wshington, D.C

Atlas, RM ed. 1984. Petrol eum M crobi ol ogy (New York: McM I | an

Pub. Co.)
Baker, K H, and D.S. Herson. 1994. Bioremediation ( New Yor k:
MGawH Il Inc.).

Envi ronnent al Research & Technology, Inc. (ERT). 1985. The
Land Treatability of Creosote/Pentachlorophenol Wastes. Pr epared for

Koppers Chem cal Co., Inc.

Fuller, WH.,and AW Warrick. 1985a/b. Soilsin Waste Treatment and
Utilization, Vol unmes | and Il (Boca Raton, Florida: CRC Press
Inc.).

Loehr, R C. and J.F. Malina eds. 1986. “Land Treatnent, A
Hazar dous Waste Managenent Alternative,” Water Resources
Synposi um Nunber Thirteen, (Austin:University of Texas at
Austin).

Smth, MA ed. 1985. Contaminated Land, Reclamation and Treatment ( New
Yor k: Pl enum Press).

Streebin, L. E., et al. 1984. Land Treatment of Petroleum Refinery Sludges
R S. Kerr Environnmental Research Laboratory, Ofice of
Research and Devel opnent, USEPA, NTI S PB85-148708 (1984).

U.S. Environnental Protection Agency. 1992b. Bioremediation of
Hazardous Wastes O fice of Research and Devel opnent, USEPA,
EPA/ 600/ R-92/126.

U.S. Environnental Protection Agency. 1983. Biorenedi ati on Using
the Land treatnent Concept. EPA/ 600/ R-93/164
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TABLE A-7
Waste Categories Not To Landfarm
Wastes/Constituents Rationale for Not Landfarming Examples of Waste Comments
Occurrences
Chlorinated Dioxins Not routinely biodegradable Recent claims of

Persists in the soils in original or
modified forms

Regulatory proscription

Paper bleaching wastes

Waste Oils

Thermal processing ash
and residue

biotreatment of these
wastes involve application
of strain(s) of White Rot
fungi, Phanerochaete
sp.; process still under
evaluation. Can be
transformed to more
mobile, soluble forms.

Heavy Metals Not biodegradable Waste oils Some accumulation of
heavy metals is expected
Arsenic Accumulate in the soils Tank bottoms in landfarming but direct
Cadmium application of wastes with
Chromium May be highly leachable impacting | Process bottoms high concentrations of
Copper groundwater metals should be avoided.
Lead Hydrocarbon sludges
Mercury Biotransformable in some cases to
Selenium more mobile or bioavailable Wood treating wastes
Silver forms (CCA)
May bioaccumulate Metal processing/plating
sludges
High concentrations can inhibit
landfarming biological process
Salts Not biodegradable Neutralized acids and As above some

Transition metal salts
(such Sodium
Chloride)

Heavy Metal Salts
(such as lead sulfate,
cobalt chloride)

Accumulate in the soils

May be highly leachable impacting
groundwater
May include metals
concentrations

heavy
High concentrations can inhibit
landfarming biological process

High concentrations can alter soll
physical and chemical properties

bases

Deliming/water
softening/metals
precipitation systems
sludges

Produced water (E&P)
sludges and scale

Metal processing/ pickling
wastes and sludges

Numerous inorganic
chemical processes

accumulation of salts and
associated heavy metals
is expected in landfarming
but direct application of
wastes with high salt or
metal applications should
be avoided. If salts are
part of wastes already in
place, land treatment of
the organics may be

appropriate as a
treatment or pre
treatment depending on
site and  regulatory
factors.
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TABLE A-7
Waste Categories Not To Landfarm
Wastes/Constituents Rationale for Not Landfarming Examples of Waste Comments
Occurrences
Radioactive Wastes Not usually biodegradable if non- Mixed wastes Radioactive inorganic

organic
May accumulate in soils
May bioaccumulate

Radiation health hazard

Produced water (E&P)
sludges and scale

constituents such as salts
and metals accumulate in
the soil. Degradable
organics would need to
be assessed for chemical
and radiation emission
potential both and before
and after degradation.
Degradation  will not
ameliorate radioactivity of
emitted or accumulated
elements.

Land Disposal
Restricted (Land
Banned) Wastes
(Listed and
Characteristic)

Regulatory

Numerous wastes and reasons for
restrictions

(reason for listing or characteristic
is described in appropriate
regulations, preambles and
supporting documents - see 40
CFR 268: Land Disposal
Restrictions)

Listed and certain
characteristic wastes

Many of the land
disposal restricted (LDR)
wastes (listed or
characteristic) can be
land treated if
achievement of BDAT
criteria can be
demonstrated. Some
LDR wastes can not be
land treated under any
circumstances. See
Section 3 on land
treatment regulations.
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wastes for which | andfarm ng shoul d generally not be consi dered.

Comrents on why these wastes should generally not be
| andf ar ned, excluding regulatory issues, are included. The I|ist
i's not conprehensive, but is to provide guidance on the
rationales for not treating certain types of wastes. Sonme of the
wastes in Table A-7 have been land treated in the past. Thus,
historical practice is not always a guide to current good
practice.

| nstances in which exceptions may all ow | andfarm ng of
ot herw se excl uded wastes incl ude:

Treat ments approved under CERCLA RODs, Consent Decrees,
RCRA corrective actions, etc.,

Existing releases to soils, treated in place,

Ri sk- based applications using site-specific or other
assessnent approaches.

Table A-8 is an applicability matrix. The matrix presents
the types of wastes and constituents which have been historically
treated by | andfarm ng. Coments are provided on the current
view of the applicability of landfarm ng to these materials.
Table A-8 is not conprehensive but is intended to be a guide to
the range and types of wastes which can be treated in |andfarm ng
appl i cations.

2.2 TREATABLE WASTE CLASSI FI CATI ONS

Cenerally, wastes treatable by landfarm ng are organics. A
few inorganics can be utilized by the m croorgani sns as nutrient
sources. Mst natural and many xenobi otic organi c conpounds can
be degraded by sonme m crobe or mcrobial comunity. |norganics,
other than as nutrient sources, are generally non-bi odegradabl e
since these netals and salts are generally in sinple nolecular or
el enental states. However, their oxidation and reduction states
can be changed
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biologically, nobilizing or imobilizing the materials. This is
dependent upon the nature of the change and the conpounds or

el ements i nvol ved and ot her chem cal and physical factors such as
pH.  Wth sone exceptions, the mcrobes can not nodify the

i norgani ¢ conpounds to products which escape the soil in an
environnental |y benign form Exceptions include denitrification
processes that will alter NO,to N, but these processes are
usual ly linked to degradati on of organic materials.

Certain organic materials, while often not a risk to human
health and the environnent, are also not degradable in a
| andfarm Exanpl es are synthetic polynmers which nmay degrade very
slowly (if at all) but can pose a risk from associ ated | eachabl e
conpounds such as plasticizers and dyes. Natural polynmers, such
as the cellulose and lignins in wod chi ps and sawdust, can
degrade to sone extent and may have beneficial properties in
| andfarm ng soil conditioning. Natural polymers may help to
met abolically "drive" the degradation process, providing a
nat ural substrate pronoting m crobial growh.

Degradation of |ow solubility conpounds may be limted by
the rate of dissolution rather than by biol ogical factors.

2.2.1 Petrol eum Based Contam nants

Ceneral ly, petrol eumbased hydrocarbons, if not
substantially chemcally nodified and not too |arge and conpl ex,
can be degraded at reasonable rates. Size and conplexity
determ ne practical biodegradability based on many factors.
Table A-9 provides a list of sources for information on how
structure and conplexity affect biodegradability. Best proof of
bi odegradability is actual past experience or treatability
studies. No pattern of practical biodegradability should be
assunmed based on simlar or isomeric structures.

Sources for this biodegradability information are included
in Table A-10.
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TABLE A-9

Gui dance Docunents for the Prediction of Biodegradability

Docunent s

Bleam R D., and T.G Zitrides. 1992. “Fine tuning m crobia
strategies,” Soils, 22 March 1992.

Boethling, RS., and A Sabijic. 1989. “Screening—tevel nodel
for aerobic biodegradability based on a survey of expert
know edge,” Environ. Sci. Technol. 23:6 pp. 672679, 1989.

Desai, S.M, et al. 1990. “Devel opnent of quantitative
structure-activity rel ationships for predicting
bi odegradati on ki netics,” Environ. Tox. and Chem, 9: 473—
477, 1990.

Mat hews, J.E., and A A Bulich. 1986. A Toxicity Reduction Test System to
Assist in Predicting Land Treatability of Hazardous Organic Wastes
(Phi | adephi a: Aneri can Soci ety for Testing and Materials).

Ni r mal akhandan, N. and R E. Speece. 1988. “Structure-activity
rel ati onshi ps, quantitative techniques for predicting the
behavi or of chem cals in the ecosystem” Environ. Sci .
Technol ., 22:6 pp. 606—615, 1988.

Pitter, P. 1984. “Correl ation between the structure of aromatic
conpounds and the rate of their biological degradation,”
Collection Czech. Chem. Commun. , 49: 28912896, 1984.

Stroo, HF., et al. 1992. “How to predict biodegradation
rates,” Soils, 20 April 1992.

Vai shnav, D.D., et al. 1987. “Quantitative structure-
bi odegradabi lity relationships for al cohols, ketones, and
alicyclic conmpounds,” Chemosphere 16: 695- 703, 1987.
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Table A-10

Sources of Information on Biodegradability

Sour ce

Howard, P. H., et al. 1991. Handbook of Environmental Degradation Rates
(Boca Raton, Florida:Lewi s Publishers).

U.S. Environnmental Protection Agency Ofice of Research and
Devel opnent (ERODE). 1982b. Treatability Manual ( EPA 600/ 2- 82-
00la and revisions), EPA ERODE, Washi ngton DC.

U.S. Environnmental Protection Agency. 1994c. Vendor Information
System for Innovative Treatment Technologies (VISITT) data base EPA 542- R-
94-003, EPA O fice of Solid Waste and Energency Response,
Technol ogy I nnovation Ofice.

U.S. Environnmental Protection Agency. 1994a. The EPA Risk Reduction
and Engineering Lab (RREL) Treatability data base Version 5.0 (fornerly WERL
data base) EPA RREL, Ci ncinnati, OH
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Table A-11 lists sone petrol eumbased nmaterials potentially
treatable by landfarmng. Table A-12 |lists sonme of the chem cal
categories of petrol eum conpounds which are degradable in
| andf ar ns.

2.2.2 Analytical Considerations for Perfornmance Mnitoring

Anal ytical prograns for hydrocarbon wastes often use

col l ective paraneters such as TPH and Hydrocarbon or Petrol eum
Ol and G ease (HO&G or PO&G). Simlar terns used for these

anal yses are Total Extractable Petrol eum Hydrocarbons (TEPH) or
Tot al Recoverabl e Petrol eum Hydrocarbons (TRPH). These usef ul
anal yses can be m sl eadi ng, however, due to the different ranges
of hydrocarbons detected in the various anal yses due to variable
extraction, clean-up, and anal ytical detection nethods. For
exanpl e, TPH met hods can include small nol ecul ar wei ght

hydr ocar bons ideal for |andfarm ng and/or very |large, conplex
hydr ocar bons taking years to bi odegrade. These variables need to
be understood to design the process and nonitoring program

There is no ideal analytical TPH procedure.

2.2.3 Wbod Preserving Contanm nants
Three categories of chem cals have been used to preserve
wood industrially:

! creosote oils (derivative mxtures fromcoal tar
processi ng),

I pentachl orophenol (PCP) and rel ated conpounds, and
I nmetals such as chromated copper arsenate (CCA).

Sites may have several or all of the above due to conbi ned or
sequential usage. The netals can not be bi odegraded but could
possi bly be imobilized or nobilized by biotreatnent. Creosote
oils and commercial PCP preparations have been both successfully
and unsuccessfully biotreated. The causes of the occasional
failures are not certain but appear to be related to probl ens
with pH control and overl oading the treatnent system
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TABLE A-11

Potentially Treatable Petroleum Rel ated Materials

Mat erial Type

Expl orati on and Production wastes (except the brines which
shoul d be |l andfarnmed only with conplinmentary treatnent for
salt)

Crude oil

Gasol i ne (including many of the blending fractions but with
[imts due to volatilization)

Ker osene, Diesel, Jet Fuels and many of the bl ending fractions
Fuel QI #2

Fuel Ol #4

Fuel G| #6 (Bunker C Q)

Hydraulic oils and fluids

Lubri cants

Mbtor oils

Many substituted hydrocarbons such as am nes, etc.

Het erocyclics such as pyridines, etc.

Benzene, tol uene, ethyl benzene, and xyl enes (BTEX)

Waste G ls
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TABLE A-12
Chem cal Conpounds Degradabl e in Landfarm ng

Conmpound or C ass

Al kanes (Paraffins)

Al kenes (d efins)

Napht henes (Alicyclics, Cycloparaffins)

Aromati cs (Monoaronmatics, Pol yaronatics)

Napht henoaromatics (Aromatic/Alicyclic conmbinations)

Sul fur conpounds (Thi ol s/ Mercapt ans, Thi ophenes, etc.)

Ni t rogen conpounds (Indoles, Pyridines, Carbazoles, et

c.)

Oxygen conpounds (Phenols, Cresols, Carboxylic Acids,
Ket ones, Esters, etc.)

Al cohol s,

Asphaltics (conplex mx of above with N, 0, 5, etc.)
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Creosote oils are distillates fromcoal carbonization and
typically consist of a variety of aromatic constituents. Table
A-13 shows the relative conposition of a typical creosote oil
The oil is primarily aromatic semvolatiles wwth a conplex m x of
m nor constituents such as heterocyclics and substituted
sem vol atil es.

Technical PCP is prepared by the catalytic chlorination of
phenol and contains inpurities of related by-products. PCP is
usually m xed with creosote or petrol eum products for wood
treatment applications. Technical PCP may contain sone
chl orinat ed di benzodi oxi ns or di benzofurans. PCP is primarily a
free acid at |ower pH and adsorbs strongly to soils. At high pH,
PCP is ionized and 1s very nobile with increased solubility
(al rost conpletely ionized at pH 7.0)

Tabl e A-14 shows sone typical wood-treating waste natrices
whi ch are treatable by |andfarm ng.

Loadi ng rates should be estimated based on site-specific
conditions and the results fromthe treatability studies. For
creosote, initial application rates may be as high as 1,000 ng
creosote/ Kg of soil. Reapplication rates can be as high as 5,000
ng/K? to 10,000 ng/Kg of soil per nonth (ERT, 1983; MG nnis,
1985) .

Loading rates for PCP in |andfarns may be between 10 ngy
PCP/ Kg soil and 30 ng PCP/Kg soil, for initial applications.
Prior adaptation or acclimation is critical for treating high
concentrations of PCP. Reapplication rates may be > 2,000 ny
PCP/ Kg of soil every 3 days (ERT, 1985; MG nnis, 1985). G adual
increases in reapplication rates are appropri ate.

2.3 TREATMENT CONSTRAI NTS

Present ed bel ow are operational constraints on the use of
| andfarm ng. Not included are those regulatory or other |ogical
constraints due to unsuitability of the material for
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TABLE A-13

Rel ati ve Conposition of Typical Creosote Gt
(>19

COVPOUND % BY WEI GHT

Napt hal ene

2- Met hyl napht hal ene

| - Met hyl napht hal ene

Bi phenyl

Acenapht hene

D net hyl napht hal enes

Di benzof ur an

N G V) ©] O O] = W

Car bazol e

[
o

Fl uor ene

w

Met hyl f 1 uor enes

N
=

Phenant hr ene

Ol o] Pl o] ©| O] O] O] W] V| V| O

N

Ant hr acene

9, 10— _
D hydr oant hr acene

Met hyl phenant hr enes 3.0

Met hyl ant hr acenes 4.0

Fl uor ant hene 10.0

Pyrene 8.5

Benzof | uor enes

2
Chrysene 3.

Benz (a) anthracene -

Benz (j) fluoranthene -

Benz (k) fluoranthene -

Benz (a) pyrene -

Benz (e) pyrene -

Peryl ene -

Benzo (b) chrysene -

O her Organics 9.6

! Lorenz and G ovik, 1972
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TABLE A-14

Landf ar mabl e Wbod—reati ng Wast es

Matri x

Sour ces

Creosote or
soils

PCP cont am nat ed

Process, tankfarm drip, and
fini shed product storage areas

Creosote or

PCP sl udges

Settling ponds, treatnent
cylinders

Shredded or chi pped creosote
or PCP treated wood products

Rai | road cross—ties, poles, and
ot her di scarded products

Creosote or

PCP oil s,

or preparations

m xt ur es

Process equi pment, storage
tanks, free product GWrecovery
( NAPLSs)
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bi odegradati on or unacceptable risk to human health or the
envi ronnent .

2.3.1 Biodegradability

Al most all organi c conpounds are bi odegradable in the proper
ci rcunstances or tinme. The biodegradability of wastes or
specific waste constituents nust be defined in terns of a
realistic tinme period determ ned by the goals of the treatnent
program Biodegradability is the najor determ nant for the
applicability of landfarm ng for a waste or particular
constituent(s). [Inherently non-bi odegradabl e wastes or
constituents such as netals are discussed in Section 2.3. 2.

Bi odegradability limts due to toxicity are a function of
concentration. |If the concentration of the toxicant can be
adj usted or managed or the biomass is |arge enough, many highly
toxi c wastes or constituents can be bi odegraded. Toxicity and
toxi c organics and inorganics are discussed further in Sections
2.3.2.5 and 2. 3.2.6.

Managenent of the concentration of the waste or
constituent(s) to progressively increased concentrations can
chal | enge the m crobes to degrade nore waste, increasing the
concentrations of waste degraded.

2.3.2 Interferences with Biorenediati on Processes

A range of physical, chem cal and biochem cal conditions or
materials can interfere with biorenediation. Major interferences
are di scussed bel ow.

2.3.2.1 Metals

Heavy netals in the wastes can interfere with the necessary
bi ol ogi cal processes in the | andfarmthrough toxic effects.
Metal s can inhibit various cellular processes and their effects
are often concentration-dependent. Table A-15 |ists sone typical
heavy netal s and indicates those which are known to be growth
nutrients as well as potentially inhibitory. Metal toxicity for
m crobes will usually involve specific chem cal reactivity.
Met al s such as copper, silver and nmercury are
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TABLE A-15
Potentially Toxic Metals
POSSI BLE | POSSI BLE
M CRCBI Cl DE| NUTRI ENT
METAL SOVE POTENTI AL SOURCES (YI'N) (YI'N)
Arseni c Refinery wastes and soils; Y Y
natural gas processi ng wastes
and soils; wood treating wastes
Copper Waste oils, machining oils, Y Y
process sludges, tars and
residual s; wood treating wastes
Ni ckel Waste oils, machining oils, Y Y
process sludges, tars and
resi dual s
Chrom um Refi nery wastes; process Y Y/ N
sl udges, tars and residuals;
waste oils; machining oils;
wood treating wastes
Cobal t Refinery wastes; machining oils N Y
Zi nc Ref i nery wastes; |ubricant N Y
wast es; wood treating wastes
Sel eni um Refi nery wastes N Y
Mol ybdenum|Refi nery wastes; waste oils; N Y
machi ning oils
Manganese |Refinery wastes; |ubricant N Y
wast es
Lead Tank bottons; tank farm soils; N N
tank termnal soils; gasoline
LUST soils; drill and other
pi pe threadi ng, manufacturing
and cleaning facilities
Cadm um Degreasi ng solvents; waste oils Y/ N N
Bari um O 1 exploration and production N N
wast es
Mer cury Refi nery wastes Y N
Silver Degreasi ng sol vents Y N
Vanadi um |Refinery wastes; process N N
bottons, tars, residuals, crude
oils
Y/ N = Uncertain

A-45



ETL 1110-1-176
28 JUNE 96

typically very toxic particularly as ions, while nmetals such as
| ead, bariumand iron are usually benign to the m crobes at
| evel s typically encountered.

The nutrient netals are usually found naturally in the
necessary anmounts for plants and mcrobes in fertile soils. The
toxicity of these netals is usually dependent on their
concentrations and those conditions which affect the
concentrations. The availability and/or toxicity of these netals
to the mcrobes is usually dependent upon the pH  For additional
di scussion, see the pH subsection of Section 1.5.3.

Table A-16 lists sone of the conditions determ ning netal
toxicities.

2.3.2.2 Water

M croorgani sns do not grow w t hout adequate water, the
uni versal solvent for their cellular biochemcals, growh
substrates, oxygen and nutrients. Water availability can be
determ ned as neasured in the soil (field capacity, etc.). See
Section 6.4.1 for target noisture content ranges and expl anation
of field capacity. The water activity is a neasurenent of the
avai l abl e water for the m croorgani sns.

Landfarm ng can be inhibited by total dissolved solids (TDS)
concentrations in the soil water although m crobial comunities
can acclimate for biorenedi ati on purposes where T[)S
concentrations are as high or higher than typical sea water
(3.5%9. Mcrobes thrive in marine and seashore environnents with
hi gh TDS content. Exploration and production organic wastes are
often biorenediated in the presence of high brine concentrations.

Excess water can be a constraint for landfarmng. |If the
soil water concentration is very high or saturated, the soils may
not till well, may cohere as |arge consolidated nmasses, water my

occl ude pore spaces preventing air entrainnment. consequently,
for efficient |andfarm ng, water managenent is needed to prevent
excess water in the soil. The landfarmsoils
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TABLE A-16

Factors Affecting Metal

Toxicities for

Landf ar m ng

Fact or Mechani sn( s)
Metal concentration Controls maxi rum | evel of
met al avail abl e.
pH Vari es

solubility/availability.
Affects ionic state. Affects
t he general health of

m crobi al popul ation. Affects
transport into m crobes.

Organic content of the soils

Sequesters netal s.

M crobial popul ation*s size,
speci es/strain, netal
resi st ances

Controls m crobi al
popul ati on*s netabolic
susceptibility and

resi stances. Affects relative
concentrations per cell.

Wat er bal ance

Vari es
solubility/availability.
Affects general health of
m crobi al popul ati on.

Nutrient availability

Conpete with toxic netals for
entry and reaction with cel
conmponent s.

Chem cal form

Contributes to

sol ubi lity/sequestration
reactions. Affects basic
toxicity/reactivity.

Concentrati ons of other
t oxi cants

Af fects cunmul ative or tota
toxicity. Stresses and

i ncreases susceptibility of
m crobes to toxic netals

Concentrations of other nmetals

Affects cumul ative or tota
toxicity. Conpete with toxic
metals for entry and react
ion/ incorporation wth cel
conmponents.
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may not drain adequately. The soil drainage properties my be
nodi fi ed by amendnents of fibrous or bul ky natural organics
(sawdust, straw, shredded wood, etc.) or synthetic or inorganic
anendnents (such as gypsum sand, polyacrylam des, perlite and
pum ce, etc).

Rai nfall affects the performance of a | andfarm by
uncontrol lably altering the noisture in the treatnent area. Too
much rain may saturate the landfarmsoils, preventing air
infiltration and inhibiting tillage. Biodegradation of the waste
during saturated periods is reduced or halted and may produce a
nui sance odor as a result of anaerobic activity. Tilling wll
help dry the soils, but can cause cl unping.

2.3.2.3 pH
pH extremes or sudden pH changes of the waste/treatnent
systemmatrix can interfere wth:

m crobi al nmetabolism

gas solubility in soil water

nutrient availability in soil water, and
heavy netal solubilities.

All of these factors can affect |andfarm ng processes. Most
natural environnments have pH s between 5.0 and 9. 0.

Consequently, nost mcrobes' preferred pHrange is 5.0 or 6.0 to
9.0 (Atlas, 1984; Brock, et al., 1984a). This is a range in

whi ch nost soils will naturally occur. M crobes can adapt to a
broader range of pH values, but typically with an acconpanyi ng
decrease in grow h/netabolic rates and a reduction in the variety
of m crobial strains.

Fertile native soils nmay have natural buffering capacity due
to carbonates and other mnerals which can be exhausted with tine
and degradati on because the products of the degradati on may be
acidic. Methods for neasuring the buffering capacity of soils
are included in Section 7.0 - Operating Requirenents. Section
8.0 discusses sone of the pH anendnents used typically in
| andf ar ns.

A- 48



ETL 1110-1-176
28 JUNE 96

The pH optinmum for |andfarm ng a waste may depend on waste
constituents whose form structure and solubility, and thus
availability to the mcrobes, may change.

2.3.2.4 Toxic organics

By design, sonme organi c conpounds are toxic to targeted life
forms such as insects, plants, etc. and may al so be toxic to
m crobes. These include herbicides, pesticides, rodenticides,
fungi ci des, and insecticides. However, such conpounds are not
typically present in petroleum or petrochem cal wastes. Wod-
treating wastes will contain pesticides.

2.3.2.5 Toxic lnorganics

Sone cl asses of inorganic conpounds, such as cyani des and
azides are toxic to many m crobes al though they can be degraded
foll ow ng adaptation. These types of materials would not
typically be present in wood-treating and petrol eum and
petrochem cal wastes in high concentrations. Nutrient sources,
such as ammonia, nitrate and nitrite, can be toxic to unadapted
m crobes (Brock et al., 1984; Atlas, 1984a).

2.3.2.6 Tenperature

Tenperature is a limting physical condition for
| andf arm ng. The bi ochem cal, chem cal, and physical processes of
| andf arm ng respond to tenperature changes in the sane way as
routi ne chem cal reactions. Hi gher or |ower tenperatures
i ncrease and decrease respectively the rate of the overal
process. Mcrobes prefer to grow at tenperatures in a range of
about 10°to 38°C and when possible, the | andfarm shoul d be
operated in this range (Brock et al., 1984; Atlas, 1984a).
Landfarm soi | s act as heat sinks, and consequently, are difficult
to artificially change in tenperature. Low tenperatures sel dom
kill the mcrobes and with warm ng the m crobes typically
recover. The effects of the expected tenperatures should be
factored into the design basis expected degradation rate.

A- 49



ETL 1110-1-176
28 JUNE 96

2.3.2.7 Wnd

W nd may enhance renoval of noisture fromthe |andfarm and
may create particul ate em ssions and contribute to odor nui sance
pr obl ens.

2.3.3 Effects of Soil Type

Landfarmng is effective in a variety of soils, from sands
to tight clays. The soil type affects the rate of mass transport
of nutrients, hydrocarbons, water, oxygen and pH adjusters. This
affects the operation of the process and the potential for
m gration of the wastes and anmendnent. Highly organic soils can
be sorptive and act as a barrier to organic mgration.

2.3.4 Oher Physical Constraints

Anecdot al evi dence suggests high concentrations of oil and
grease, tar, viscous residuals, etc. can physically block the
pore spaces of the soils limting mass transfer of nutrients,
wat er, and oxygen into the soils and "snothering"” the | andfarm
process. A general rule-of-thunb in the environnental
remedi ation industry is to avoid oil and grease greater than 8-
10% (80- 100, 000 ng/ Kg) wi thout a successful biotreatability
st udy.

A-50



ETL 1110-1-176
28 JUNE 96

3.0 REGULATORY REQUI REMENTS

This section is provided as a guide and reference to
pertinent federal requirenents for the |andfarm ng of hazardous
wastes, and is not intended to cover individual state regulations
whi ch may not be pertinent to all |andfarm ng operations.

3.1 PERM TTED TSD FACI LI TY STANDARDS

TSDFE Permit - 40 CFR 264. A Treatnent, Storage and/or
Di sposal Facility (TSDF) is required to obtain a RCRA permt
prior to treating, storing, or disposing of any hazardous waste.
Specifically, Part 264 addresses |landfarmng permtting
requi renents under Subpart M Sections 264.270 through 264. 283.
Thi s Subpart addresses the follow ng requirenents:

I The treatnent program nust be designed to ensure that
hazardous constituents are degraded, transforned, or
i mobi |1 zed.

The treatnent denonstration rmust show that the waste can
be conpl etely degraded, transfornmed, or imobilized.

Desi gn and operating requirenments nmust naxim ze the
degradation, transformation, and i nmobilization of
hazardous constituents in the treatnent zone.

Food-chain crops can only be grown if specified in the
permt.

An unsaturated zone nonitoring program nust be
est abl i shed.

Recor d- keepi ng of hazardous waste application dates and
rates nust be maintained in the operating record.

Cl osure and post-cl osure procedures nust be foll owed.

Special requirenents for ignitable or reactive waste nust
be foll owed.

Speci al requirenents for inconpatible waste nust be
fol | owed.
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I Special requirenents for hazardous wastes F020, FO021,
F022, F023, F026, and FO027 nust be foll owed.

Permts Required for Landfarm ng Denonstrations Using Field
Test or Laboratory Analyses - 40 CFR 264.270. For each waste
that will be applied to the treatnent zone, the owner or operator
nmust denonstrate, prior to application of the waste, that
hazardous constituents in the waste can be conpl etely degraded,
transforned, or imobilized in the treatnment zone. In making
this denonstration the owner or operator nmay use field tests,
| aborat ory anal yses, avail able data, or in the case of existing
units, operating data. |If the owner or operator intends to
conduct field tests or |aboratory analysis in order to make
denonstrations under this part, he nust obtain a treatnment or
di sposal permt under 40 CFR 270. 63.

Design and Operating Requirements - 40 CFR 264. 273.

The facility permt wll specify how the owner or operator
w Il design, construct, operate, and maintain the | andfarm ng
unit. At a mnimumthe permt wll specify the follow ng:

The rate and nethod of waste application to the treatnent
zone,

Measures to control soil pH

Measures to enhance m crobial or chem cal reactions; and

Measures to control the noisture content of the treatnent
zone.

A RCRA TSD permt is not usually required for |andfarmng
activities involving wastes that are not RCRA hazardous. An
exanple of this is the treatnent of petrol eum contam nated soils
resulting fromthe renedi ati on of | eaking underground storage
t anks.

Some individual state progranms regul ate the | andfarm ng of

t hese non- hazardous wastes through an equivalent permtting
process.
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3.2 LAND DI SPOSAL RESTRI CTIONS - 40 CFR 268

The Land Di sposal Restrictions (LDRs) apply to RCRA
Hazar dous Wastes only. Wen a waste is restricted, it nust be
either treated to below a specified concentration or treated with
a specific type of technol ogy before it can be | and di sposed.

For CERCLA or corrective action sites, LDRs are not
applicable for on-site | andfarm ng unl ess "placenent" occurs.
In-situ treatnent and treatnent in tenporary contai nnent
facilities do not constitute placenent.

When LDRs do apply, a restricted waste may be | and di sposed
only if the waste neets the requirenents in 40 CFR 268.40. Thus
there are instances when use of |andfarm ng for RCRA hazardous
wast es may be precluded by LDR restrictions unless approval is
granted which allows an alternate treatnent standard to be
appl i ed.

3.3 STORMMTER DI SCHARGE PERM T - 40 CFR 122. 26

Storm wat er di scharges associated with industrial activity,
including | and application sites, nust apply for a permt if they
exceed certain surface area criteria. Few |landfarns are operated
in enclosed buildings or under roofs, so stormwater nmanagenent
is a design and a permtting issue. Since nost |andfarns treat
soil contam nation, they are not intended for |ong-term
operation. Thus, individual permts are issued to each specific
facility for stormwater discharges related to industri al
activity. In nost instances the permt is tailored to neet the
di scharge characteristics of the permttee and/or the specific
requi renents of the receiving waters.

3.4 GROUNDWATER PERM T

Groundwater permts are issued by state agencies to regul ate
the addition of materials to groundwater fromany facility or
operation which acts as a discrete or diffuse source. Sone
states use | anguage such as "may inpact the waters of the state"
in the applicability of the permtting requirements, which
guarantees that a permt application is required. This permt
may be the only regulatory mechani smavailable to grant the state
perm ssion to oversee the cl eanup.
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3.5 CLEAN AIR ACT

Desi gners should I ook to the state in which the | andfarm
wi |l be constructed and operated for air quality regul ations.
Sonme, but not all, states have devel oped air toxics prograns
which will apply to em ssions which are generated by | andfarm ng
operations. Designers should seek guidance fromthe state air
quality regulators for allowable em ssion rates, control
requirenents and air quality standards for air toxics. Sone
states have no air toxics program |In such cases, designers wll
have to rely on their industrial hygiene and risk assessnent
personnel to determ ne allowable em ssion rates, control
requi renents and air quality guidelines for air toxics.

Under the National Anbient Air Quality Standards (NAAQS),
there are six National Anmbient Air Quality (NAAQ contam nants.
They are lead, NQ, SO, PMLO, Ozone (which is regulated in part
by establishing em ssion standards for hydrocarbons) and CO
Ozone and PMLO are the only two NAAQ contam nants that could
possi bly be affected by | andfarm ng operations. States are
required by federal |aw to devel op state inplenentation plans
(SIPs) for comng into conpliance with NAAQS. Designers should
contact state air quality regulators to see how | andf arm
construction and operation fits into the state specific SIP
State air quality regulators will advise on em ssion standards
and control technol ogy for NAAQ contam nants from | andfarm ng
oper ati ons.

3.6 CLOSURE AND POST- CLOSURE CARE AND MONI TORI NG

This section outlines some maj or aspects of federal
regul atory requirenents that may apply to the closure of RCRA
landfarmng facilities. Since |ocal requirenments and regul ati ons
are variable fromstate to state (particularly for non-hazardous
wastes), closure requirenents should be established on a site-
speci fic basis.

3.6.1 RCRA Facility C osures

At landfarmng facilities follow ng RCRA regul ations, a
denonstration nust be perforned to show that the wastes can be
gradual ly transfornmed or immobilized before | andfarm ng
operations begin. At closure, the landfarmng facility nust neet
U S. EPA treat ment standards for |and disposal to | eave the
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treated soil in place. |If these treatnment standards are not
achi eved, the soil nust be renoved and di sposed of as a hazardous
wast e.

3.6.2 Post-C osure Care Requirenents

The purpose of post-closure care is to finalize waste
treatment of the remaining soil while nonitoring for any
unf oreseen | ong-term changes in the system Post-closure care
requirenents for facilities wth RCRA wastes include:

I continue operations consistent with other post-closure
care activities;

mai ntai n vegetative cover;

continue run-on control system

control w nd dispersal of hazardous constituents;

continue conpliance with regul ati ons concerni ng grow h of
f ood- chai n crops;

continue air nonitoring on the site at its perineter; and

conti nue unsaturated zone nonitoring, except that soil-
pore liquid nonitoring may be term nated 90 days after the

| ast application of waste contam nated soil. Mnitoring
nmust include soil nonitoring using soil cores and
l ysi meters.

For facilities with non-RCRA wastes, state or |ocal
regul ati ons may require groundwater nonitoring.

3.7 CORRECTI VE ACTI ONS

Many hazardous waste sites undergoing RCRA corrective actions
may not be subject to the RCRA Land Ban requirenents since, by
definition, the sites have already been subjected to uncontrolled
rel eases of the hazardous materials. These sites undergoing
corrective actions are typically allowed considerable flexibility
in the design and operation of treatnent facilities in order to
expedite clean-up actions. For exanple, the design criteria for
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| eachate coll ection and contai nment systens is highly variable.
Typically, |eachate collection and contai nment design criteria
are either established by agency gui dance or by risk assessnent
criteria. Many states offer a choice of using either nethod.

Utilization of the state's guidance criteria can
significantly reduce design costs, but may increase construction
costs due to the inherent conservative nature of the criteria.
State agencies may either publish these specific design criteria
or refer to EPA standards.

Utilization of risk-based design criteria increases field
i nvestigation and design costs, but may result in significant
construction cost savings if alternative contai nnment designs can
be shown to provide risks within acceptable levels. Risk
assessnments required to justify alternative design criteria
typically invol ve:

I determnation of contam nant m gration pathways through
careful delineation of surface flow conditions, air
di spersal patterns, hydrogeol ogi c conditions, and human or
bi ot a access;

determ nation of potentially sensitive receptors such as
aqui fers, receiving bodies of surface water, conmmunities,
endangered or protected species, on-site workers, etc;

determ nati on of maxi num exposure |evels for each waste
constituent which result in acceptable risks for each of
the identified receptors; and

mat hemati cal nodelling of each of the transport and
diffusion I dilution nechanisns (direct contact, air

di spersal, surface run-off, groundwater transport, etc.)
in order to determ ne the contam nant concentrations at
the receptor location or a negotiated point-of-conpliance.

Addi ti onal guidance for the devel opnent of risk-based design

criteria can be found in EPA guidance docunents (USEPA, 1989b
USEPA, 1989d; USEPA, 1989e; and USEPA, 1995).
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4.0 TREATABILITY STUDI ES

Treatability studies are done to determne the suitability of
one or nore technologies for the renediation or treatnent of a
waste. The suitability of |andfarm ng, as determ ned by
biotreatability studies which can involve chem cal, physical, and
bi ol ogi cal studies, all focus on determ ning the biol ogical
treatability of a waste (see Table A-17, Cuidance for
Treatability Studies).

Biotreatability studies sinply involve nonitoring the
di sappearance of a waste's constituents of concern over tine due
to mcrobial activity fromindi genous or exogenous (added)
m croorgani sns. To prove that treatnment is primarily biol ogical,
an accounting (rmass bal ance) estimation of all the various
mechani snms of renoval is nmade (volatilization, |eaching, chem ca
destruction, etc.). \Wen done correctly, treatability studies
will not only denonstrate the efficacy of the technol ogy but
provide information/data for the design of the full-scale
process.

For the study data to be of use, each phase nust have
controls. These controls include the standard Q& QC type of
processes for sanpling, analysis, and data eval uation, but also
experinmental controls, variations of the basic test protocol.
These variations provide a neans of testing the hypothesis that
bi ol ogi cal processes and environnmental variables or anendnments
can result in the renoval or disappearance of the wastes.

Typi cal experinental controls include abiotic (killed or
i nhi bited m crobes) tests, unanended tests (no nutrients, etc.),
and perhaps m crobial augnentation tests.

Treatability studies are usually perfornmed in increasingly
conpl ex phases, with each phase providing information to design
the next phase. This allows cessation of the effort if an
earlier phase indicates that the approach is unsuitable. Typical
test phases are presented in Table A-18.
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TABLE A-17

Ceneral Guidance Docunents for Treatability Studies

Docunent

American PetroleumlInstitute. 1987. Land Treatability of Appendix VI
Constituents Present in Petroleum Refinery Wastes: Laboratory and Modeling
Studies, APl Publication No. 4455, Health and Environnent al
Affairs Departnent, APl Washi ngton, D.C.

Barnhart, MJ. and J.M Mers. 1989. “Pilot Biorenediation
Tells Al About Petrol eum Contam nated Soil,” Pollution
Engineering.

Dobbins, D.C., Jr. 1994. “The Use of Paranetric Statistics in
Bi ol ogi cal Treatability Studies,” J.Air & Waste Manage. Assoc.
44:1226—-41229.

Kerr, R S. 1988. Interactive Simulation of the Fate of Hazardous Chemicals during
Land Treatment of Oily Wastes: RITZ (Regulatory and Investigative Treatment Zone)
User’'s Guide, Water Research Center, USEPA, NTI S PB88—195540.

Kerr, R 5. 1986. Waste/Soil Treatability Studies for Four Complex Industrial
Wastes: Methodologies and Results Volume 1. Literature Assessment, Waste/Soll
Characterization, Loading Rate Selection., Envi ronnment al Research
Laboratory, USEPA, NTIS PB87—111738.

Korfiatis, G P. and C. Christodoul atos. 1993. “Treatability
Studies as a Renedial Option Screening Tool for
Cont am nat ed Soil s,” Remediation, Autumm 1993.

U S. Environnental Protection Agency. 1993c. Guide for Conducting
Treatability Studies Under CERCLA, Biodegradation Remedy Selection, Interim
Guidance, Superfund I nnovative Technol ogy Eval uation, EPA
540/ R—93/ 519a.

U.S. Environnmental Protection Agency. 1993d. Guide for Conducting
Treatability Under CERCLA: Biodegradation Remedy Selection, Quick Reference Fact
Sheet, EPA 540 R-93/519b.
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In practice, the full range of treatability studies is
usual ly not required for petroleumwastes. Mre typical is a
smal | |aboratory study (to determ ne nutrient additions) and a
smal |l pilot programto determ ne degradation rates and
operational factors under field conditions. Mre extensive
studies may be required if difficulties are encountered in these
si npl e studi es.

4.1 RATIONALE

Landfarns are large investnents with regulatory limts. A
maj or purpose of treatability testing is to devel op a design
basis for an effective |andfarm ng process. The conplete
treatability study should determ ne the biotreatability of the
waste(s) and apply this information into an optinmally desi gned
and operated | andfarm

Treatability studies nmust characterize the target waste(s)
and soil(s) as a treatnment matrix, identify basic
bi odegradability of the wastes (no unknown factors limting
degradation), confirmbiotreatability of the wastes (safe,
control |l able, predictable, effective treatnent), and operate a
| arge pilot and/or an on-site small-scale denonstration (to show
scale-up in the field). The results of the treatability study
shoul d be judged on three criteria: (1) toxicity reduction, (2)
vol urme reduction, and/or (3) constituent concentration(s)
reducti on.

A treatability study should assess the effects of
controlling paraneters (pH, noisture, nutrient concentrations,
etc.) and nonitoring paraneters (anal yses for waste constituents
or collective paraneters such as TPH). See Table A-19 for sone
of the key data sought in a treatability study for a full-scale
desi gn.

4.2 WASTE/ SO L CHARACTERI ZATI ON
Waste and soil characteristics are critical to devel opnent
of atreatability design and the full-scal e | andfarm process
desi gn. The nost significant characteristics to be understood are
di scussed in Sections 4.2.1 and 4.2.2. Table A-20 lists
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TABLE A-19

M nimum Data from Treatability Studies

Dat a Type

Estimated half-lives or specific degradation
rate constant(s) for key constituent(s) or
cl asses of waste constituents

Estimated sl owest to degrade key constituent of
concern and estimated rate or tine required for
degr adati on

Toxicity to mcrobial populations at initial or
maxi mum constituent concentrations

M ni rum achi evabl e consti tuent concentrati ons

Estimated nutrient application rates

Estimated nutri ent maxi muns and m ni muns
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TABLE A-20

Sanpling and Anal ysis Qui dance Docunents

Docunent

“Quide to the Preparation of the Chem cal Data Acquisition
Plan,” ER 1110-1-263 (Chem cal Data Quality Managenent for
Hazar dous Waste Renedial Activities).

American Soci ety of Agronony/ Soil Science Society of Anerica.
1965. “Methods of Soil Analysis, Parts 1 & 2.” Madi son,
W sconsi n.

Anerican Public Health Association. 1992. Standard Methods for the
Examination of Water and Wastewater American Public Health Association, 18th Edition.

Anerican Society for Testing and Materials (ASTM. 1995a.
“Method for Particle Size Analysis of Soil.” Annual Book of ASTM
Standards, Volume 04.08. ASTM D 422-60 (1990)

American Society for Testing and Materials (ASTM. 1995b.
“Test Method for Classification of Soils for Engineering
Pur poses.” Annual Book of ASTM Standards, Volume 04.08. ASTM D 2487-90.

American Society for Testing and Materials (ASTM. 1995c. *“Test
Met hod for Liquid Limt, Plastic Limt, and Plasticity Index of
Soi | s.” Annual Book of ASTM Standards, Volume 04.08. ASTM D 4318—84.

U S. Arny Corps of Engineers. “USACE Engi neering Regul ation
for Chem cal Data Quality Managenent for Hazardous Waste
Renedi al Activities,” ER11102—2 63.

U.S. Environnmental Protection Agency. 1986d. EPA SW-846, Test Methods
for the Evaluation of Solid Wastes, Physical/Chemical Methods ( Thi rd Edi ti on).

U.S. Environnental Protection Agency. 1991d. “EPA Contract
Laboratory Statenent of Work (CLP SOWN for Inorganics (ILM. 8)
or Oganics (OLML. 8).”"

U.S. Environnmental Protection Agency. 1983c. Methods for the Chemical
Analysis of Waters and Wastes. EPA 600/ 4—+4-0820 (March 1983)

U.S. Departnent of Agriculture Soil Conservation Service.
1992. Keys to Soil Taxonomy.
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sources of guidance for sanpling and anal ysis procedures for
al nost all of the soil physical, chem cal and bi ol ogi cal
paraneters typically used in characterization

4.2.1 Physical Characteristics

4.2.1.1 Moisture Content

For landfarm ng, the water content of soils or wastes is
determ ned as a percentage of the soil weight [typically 5-40%
Field Capacity (water holding capacity) in a gravity drained
situation (Baker, 1994)]. For estimating Field Capacity, see
Tabl e A-20 for guidance sources. For target noisture content
ranges and expl anation of field capacity, see Section 6.4.1.

4.2.1.2 Gain Size and Plasticity

Grain size and plasticity anal yses of a |andfarmsoil are
done to classify soils, determne the soil's suitability for
| andf arm ng, and determ ne the suitability of the sub-soil base
for landfarm ng and as a barrier to waste mgration. Soils can
be classified by United States Departnent of Agriculture (USDA
1992), Unified Soil Cassification System (ASTM 1995b) or ot her
met hods. The eval uation of sub-soils is discussed in Section 5.0
- "Design Requirenents.”

4.2.1.3 Tillability

Tillability relates to the sumof the properties above,
whi ch conbine to determ ne whether the soil is easily and
economcally tillable or "workable" for m xing and aeration.
Proper tillability allows easy plow ng and di sking to break up
and | oosen the soils, and allows the soils to retain their |oft
and open pore structure. Tillable soils should maintain their
structure after repeated tillings, and retain noisture in
adequat e but not saturating amobunts. The sanme properties which
woul d be desirable for crop soil will usually be desirable for a
| andf arm

4.2.2 Chem cal

Characterization includes chem cal anal yses of the wastes
and soils. Analyses include collective and specific anal yses.
Col l ective anal yses directly or indirectly quantify the total
content of a group or category of conpounds. Specific anal yses
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identify and quantify specific conmpounds. Cuidance for nethods
for various collective and specific chem cal anal yses can be
found in Table A-20. Al chem cal anal yses should conformto the
requi renments of USACE Engi neering Regul ation for Chem cal Data
Qual ity Managenent for Hazardous Waste Renedial Activities,
ER1110-1-263. See Section 5.1.3.3 - Sunlight in regards to the
use of a cover to control soil noisture.

4.2.2.1 Collective Analyses

Col l ective anal yses are used to estimate total |oad or
burden of a chem cal type or category in the treatnment system
Col l ective anal yses include TPH, TOC, HO&G PO&G total Kjeldah
nitrogen (TKN), and total organic halides (TOX). These nethods
have limtations, but are very econom cal, w dely used, and
easily performed to on-site to characterize wastes and nonitor
| andfarns. Collective analyses are good initial analyses if the
waste's conposition i s unknown.

4.2.2.2 Specific Analyses

Specific chem cal anal yses are nmethods designed to separate
and quantify discrete conpounds (e.g., benzene, 1,1,1
trichl oroethane, or benzo(a)pyrene). These nethods are usually
nor e expensive, require nore sophisticated techniques, and are
used sparingly as verification of degradation of specific
constituents of concern.

4.2.3 Biological

Various biol ogi cal nmeasurenents are used for waste and soil
characterization. Several common m crobial enuneration (APHA,
1992; ASA, 1965), respironetry (Baker, 1994), and toxicity tests
(Baker, 1994; Hi nchee, 1994b) can be used to assess the effects
of toxic substances on nunbers of m crobes and changes in their
nmetabolic state (Table A-20). These neasures are indicators of
remedi ati on and al so guide the selection and use of noninhibitory
| andfarm | oading rates. Also, respironetry tests can be used to
nmoni tor oxygen uptake as an indicator of mcrobial nmetabolismin
the presence of waste constituents; ATP determ nations can be
used as indicators of the health and size of the m crobial
communi ty; and epifl uorescence m croscope counts of
differentially-stained cells can be used to determ ne the nunber
of viable cells present.
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4.2.3.1 Mcrobial Enunerations

Many mnet hods are avail able for enunerating mcrobes in
conpl ex m xtures/sanples (ASA, 1965; APHA, 1992). All have
dr awbacks whi ch may nmeke theminappropriate for specific
applications. The nbst comon nethods used in | andfarm
applications are:

I dilution plate counts (pour or spread), and
I nost probable nunber (MPN) estimates (liquid or gel).

These net hods i nvol ve suspensi on of a known anount of
waste/soil into a diluent followed by transfer of a series of
known dilutions to inoculate sem-solid (agar) or liquid growh
medi um  The inocul ated mediumis incubated for mcrobial growh.
Finally, nunbers of colonies on the agar plates are counted or
t he nunber of positive tubes are determ ned and back-cal cul at ed
to estimate the mcrobial population in the original sanple.

M crobi al enuneration for bacteria and fungi does not
reflect the total nunber of m crobes present in the sanple, since
many variables can inhibit their growh on the nedia used. Such
m crobi al popul ati on estimtes should never be used to judge the
progress or effectiveness of the remedi ati on process. These
counts only estimate the nunbers of sonme m crobes still present,
and thus indicate that the landfarmsoil retains mcrobial life.

M crobi al enunerations nerely indicate whether |andfarm
soils or wastes contain a sufficiently sizable popul ation of
m crobes to have potential degraders present. Large nunbers can
indicate either lowtoxicity of the waste and/or adaptation to
the toxicity. Mcrobial populations in contam nated soi
typically range from about 106 colony formng units (CFU) per
gram (g) of soil to ~ CFU/ g soil (Atlas, 1984a); a higher count
does not necessarily nean faster or nore conpl ete degradati on of
the waste. Mcrobial counts only provide a relative indication
of the biological status of the | andfarm and are nost significant
for trends. Counts of specific degraders give assurance that
sone degraders are present, but often the actual conpounds being
degraded are unknown, so this approach cannot be used.
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4.2.3.2 Mcrobial Toxicity

Toxicity characterization is needed to devel op waste/soi
| oading rates to prevent toxicity to the m crobes, and to neasure
remedi ati on during operation of the |andfarm

Mcrotox®is a common toxicity test used to assess netabolic
toxicity. It is based on the negative correlation between |ight
out put from phot obacteria and i ncreasi ng concentrations of
toxicant. Significant decreases in this toxicity with tinme
generally correlate with successful renedi ati on. GQGuidance on the
use of Mcrotox®is provided by Mcrobics Corp. of Carlsbad,
California, ASTM Special Technical Publication 886 (Petros, et
al ., 1985), and other publications (Matthews, 1986; Kaiser and
Ri bo, 1988; R bo and Kai ser, 1987; Baker, 1994).

4.3 BENCH SCALE TREATABI LI TY STUDI ES

After characterization, |aboratory or bench-scal e studies
are perfornmed. Several guidance docunents are available to use
in setting up and conducting a treatability study (See Table A-
17( USEPA, 1993c; Baker, 1984; Barnhart, 1989; Barth and Bunch,
1979)]. These studies range fromjar or shake flask tests to
m crocosmtray studies and are intended to:

I denonstrate biodegradability of all or nost of the mgjor
constituents of the wastes, and

provi de gui dance for the pilot and/or denonstration
treatability study to follow

Bench tests should not be directly scaled to full-size. Bench-
scale treatability studies are usually devel oped or designed
around the characterization data for the site soils and the
waste(s) to be treated.

Treatability tests use the sane types of anal yses as
characterization, and use a program of periodic sanpling and
anal ysis to evaluate controlling and nonitoring paraneters.
Addi ti onal anal yses (such as oxygen uptake tests, respironetry or
catal ase tests) nay be done to nonitor the active degradation
process (Baker, 1994; ASA, 1965).
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4.3.1 Flask Screening

Fl ask studies are soil slurry studies (Baker, 1994; USEPA,
1993c) used to assess the biodegradability of the wastes under
optimal conditions of mass transfer, mxing, nutrient
availability, and aeration, usually with various conbi nations of
pH, nutrients, waste concentrations, mxing, aeration, and\or
i noculum The successful set of conditions is then used to
design tray studies (See Table A-17).

4.3.2 Tray M crocosm

The bench-scale mcrocosmfor a landfarmis a tray study in
whi ch the waste/soil matrix is placed to a tillable depth and
amended to achieve a desired range in water, nutrients, and pH
The materials are tilled, sanpled, and anal yzed periodically.
Several treatnent protocols nay also be used in tray studies to
determ ne the soil system s response to different conditions (See
Tabl e A-17).

M crocosm st udi es are designed to sinulate the
biotreatability of the wastes under a variety of conditions
controlled to sinulate those expected in the full-scale
treat ment.

4.4 PILOT- SCALE STUDI ES AND DEMONSTRATI ONS

Pil ot-scal e studies or denonstrations (see Table A-17) are
the ideal nmethod to test landfarmng treatability because they
i npose the necessity to performall of the operations associ ated
with full-scale |andfarm ng, including:

I routine collection of air nonitoring data (if required by
the Site Safety and Health Pl an),

I reapplication or treatnent of |eachate,

I managenent of precipitation, and

I operational effects of anbient tenperature variations.
| deal |y, the denonstration would operate for the expected

cal endar period of full-scale operation.
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Pilot or denonstration studies range fromsnmall, |ined,
constructed treatnment pads to large, unlined plots using snal
garden tractors and novabl e sprinkler systens. These studies may
i nclude several small treatnment units with operating conditions
different in one or nore ways, such as the initial |oading rates,
tilling rates, and nutrient applications.

Scal e-up for nutrients, loading rates, water, etc. is
typically based on a direct weight or volunme ratio of soil in the
full-scale tillable zone relative to the test plot tillable
volume or weight. For controlling paraneters, the target val ues
for the successful denonstration are the sane for scale-up (e.g.,
if ammonia is kept above 10 ng/Kg in the tillable zone soils in
t he denonstration, that would al so be the operating standard in
full-scale). There is no maxi num scal e-up for | andfarm ng
general ly used since | andfarnms do not involve conplex geonetric
scal e-up such as do chem cal process unit reactors. For design
pur poses, scale-up of data fromtreatability is usually done from
the pilot or denonstration-scal e phase.

4.5 DATA COLLECTI ON AND EVALUATI ON

Anal yses of biodegradability studies involving petrol eum
wastes will typically focus on collective paraneters unless a
specific constituent or set of constituents is considered to be
of particular concern. For wood treating wastes, an extraction
based set of anal yses such as benzene-extractabl e PAH, PCP, or
rel ated conpounds may be used. |In shake flask tests, nutrients
are added at the highest reasonabl e concentrations and nonitored
only to determ ne whether nutrients are still avail able
t hroughout the test. |In tray studies, the sane paraneters are
nmoni tored that would be used in full-scale operations:

nmoi sture (perhaps by gal vanoneter or appearance),
pH

nutrients (soil test kits for m ninmns),

coll ective paraneter(s),

speci fic anal yses for constituents of concern, and
tenperature (if not held constant in the | ab).

The sanples will usually be collected and anal yzed at a
frequency sufficient to develop a rate curve for changes in
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constituent (collective or specific) concentrations. In
addition, data collection frequency shoul d be adequate to assess
changes in nutrient consunption and pH, and thereby assist in the
estimate of full-scale addition requirenents.

The anobunt and frequency of the data collected is dependent
on the sensitivity or "weight" of the interpretation nmade from
the data. In the screening test, the decision to proceed with
nore testing is based on positive evidence of biodegradability of
the waste. The objective is to determ ne whet her biodegradation
(statistically significant |evels) has occurred, and to rul e out
strictly physical/chem cal processes (e.g., adsorption,
sequestration, and volatilization) in the di sappearance of the
wastes. The eval uations nmade are whet her any change in the
concentration of the constituent(s) is statistically significant
and whet her that statistically valid change can be presuned or
denonstrated to be a function of biodegradation rather than other
removal mechanisns. It is reassuring to run test pernutations in
replicate to determine the statistically-valid average
concentration fromwhich a statistical analysis can be perforned.

Assuming first order kinetics, it is common to skew sanple
frequency to sanple nore often during the early stages of a
treatability study to track the expected nore rapid initial waste
degr adat i on.

4.6 DATA ANALYSI S

Dat a anal ysis should focus on trends, correlations between
various paraneters, and sinple statistical tests to determ ne the
validity of the data and cal cul ated results.

Sinple Iine graphs can be used to easily nonitor the
change(s) in constituent(s) and other paraneters, collective
and/ or specific, to establish tine-based trends and rates.
Regression (best fit) analyses of the data can predict the likely
kinetic reaction order(s). Trends, rates, and presuned reaction
order can all be used to estimate the tinme required to achieve a
specific concentration goal. Degradation curves should be
exam ned for the presence of asynptotes at unacceptable
concentration(s)
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Correl ati on anal yses between various controlling and
nmoni toring paranmeters and degradation should be used to optim ze
t he process and design.

Potential sources of error for data fromtreatability
studies are listed in Table A-21.

Statistics can be used to establish "average" results for
desi gn purposes and to assess the reliability of the data
gathered. An excellent reference and practical guide to the use
of statistics has been authored by J. L. Phillips, Jr. (Phillips,
1988). A nore detailed but focussed statistical guide is by
Glbert (Glbert, 1987). Statistics often cal
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TABLE A-21

Sources of Data Error

Sour ces

Sel ected net hods of sanpling and anal yses

Sanpl i ng

Preservati on of sanples

Processi ng of sanpl es

Anal ysi s of sanples

Processi ng, calculation and reporting of
anal ytical results

Transcription of results to data bases or
spreadsheets for eval uation and mani pul ati on

Interpretation of the results

M sunder standing of the Iimtations of the
tests and results
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into question specific results and data points and can "snoot h"
or average the variability caused by unknown errors and
variations of individual data points, so that the overall trend
remains valid. In sonme cases, statistics can test the validity
of data or correlation with other sets. One of the nost critical
decisions in any data evaluation is whether a data set or point
shoul d be considered different from another data set or point.
Statistics allows this determ nation to be done with varying

| evel s of confidence set by the designer, easing decision nmaking.

Sinpler is better in analysis of data. The degree of

confidence needed is best judged by the purpose of the data. |If
the data are used to decide whether to proceed to the next
treatability phase, the confidence need only be noderate. |If the

data are critical to the design of an expensive full-scale
treatment process, the confidence needs to be very high.

Degradati on rates can be determ ned and used in scal e-up
desi gn based on the rate constants cal cul ated using assuned first
order kinetics. A comonly used first order equation is:

)L _
e K.C
Wer e
)C = t he change in concentration during )t
it = the change in tine
c = t he concentration
K, = the rate constant for the constituent

One commonly used paraneter derived fromthe rate
constant(s) is half-life, the tine it takes for half of the
initial concentration to degrade. Section 5.4.1 includes a
di scussion of the equations used for half-life cal cul ati ons.

Note that these half-life constants should not be extrapol at ed
beyond t hose concentrations tested during the treatability

anal yses. Problenms with extrapolation of this data are di scussed
further below and in Section 5.4.1.

One formof this half-life equation is:
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~0.693
t1 =
2 Ks
Wher e:
ty, = the half life of the constituent(s) in the soi
system and
K, = the first order rate constant for the

particul ar constituent(s)

These equations assune that the rate is first order for
substrate concentration. Biological rate constants and hal f-
lives are actually predictive within an upper and lower limt in
nost cases and should not be freely extrapolated w thout testing.
| f the concentration(s) of the constituents being degraded exceed
the netabolic capacity of the biomass, the systemis saturated
and the kinetics becone zero order, no | onger dependent on the
concentration(s). There will always be upper limts (constituent
concentration, saturation, toxicity, climate, solubility limts,
etc.) for the actual degradation rate. Extrapolating design to
hi gher | oadi ngs based on a half-life determ ned at | ower
concentrations can lead to process failure. At |ow
concentrations, degradation also may not reach extrapol ated
rates. |If target clean-up concentrations are |ow, the system may
becone asynptotic above the cl ean-up goal.

Moi sture content shoul d be based on pilot, denonstration, or
even tray study results or best professional judgenent or
practice. 1In the absence of specific site data, The \Water
Encycl opedi a (Van der Leeden, et al., 1990) includes a sinple
flow di agram for estimating agricultural water demand which can
be applied to | andfarm ng practices al so.

Soil pH can be predicted fromresults of scal e-up of
treatability studies, soil type and characterization paraneters,
i ncl udi ng percent base saturation and cati on exchange capacity.
Typical agricultural soil pH anmendnents such as crushed or
powdered |inmestone and sul fur can be used. Additional
information is provided in Section 6.4. 3.
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Lift thickness is determ ned by a subjective assessnent of
the ease of tillage, and may be determned in the pilot or
denonstration phase. The depth of the tilled zone can affect
degradation rate by limting infiltration and air exchange.
Consequently, if greater than usual tilling depths are
anticipated at full-scale, these should be tested in the
denonstrati on.
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5.0 DESI GN REQUI REMENTS

5.1 SITE CHARACTERI ZATI ON

Whet her investigating possible sites for a new facility or
trying to adapt a renedial site for landfarmng, site
characterization is inmportant in establishing the [imts and
criteria of the design. Landfarm ng has been successfully
practiced in all the major climatic regions of the United States,
Eur ope, and Canada, under a w de range of hydrogeol ogic
conditions (API, 1984). These data suggest that very few
insurnountable site [imtations exist. Wile "ideal" site
characteristics are not realistically available, «critical site
characteristics should be addressed in designing and nmanagi ng the
facility.

Assessing sites proposed as |landfarm ng unit | ocations
i nvol ves evaluating the site's physical characteristics as well
as soci o-geographic factors, including | and use. The site
characterization's fundanental objectives are to identify:

I potential pathways for contam nant mgration (e.g. surface
wat er, groundwater, air em ssions, etc.); and

potential sensitive receptors (those aspects of human
health or the environnment subject to potential risks in
the event of accidental fire, explosion, releases or
spills, etc.).

It is the designers' responsibility to determ ne the
applicability of 29 CFR 1910.120 and 29 CFR 1926.65 to the
construction and operation of the landfarmproject. |If
applicable, the design shall include health and safety
specifications and a Health and Safety Design Anal ysis (HSDA) as
is required by ER-385-1-92. The Corps of Engineers Cuide
Specification 01110 Safety, Health and Emergency Response
(HTRW UST) shall be used to develop the safety, health and
energency response requirenents. Appendi x B of ER 385-1-92 shal
be used as a guide to develop the health and safety design
anal ysi s.

5.1.1 Site Topography and Drai nhage
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The site topography and drai nage should be evaluated to
determ ne the:

dr ai nage and wat ershed characteristics,

eart hwork necessary to construct the required controls,
and

I potential for accidental discharges to surface waters.

Excessively flat slopes can result in ponded water on the
site. Ponded water can lead to odor, air em ssions or increased
groundwater infiltration problenms. Gades of 1% are typically
sufficient to pronote adequate drai nage. Shallower grades which
avoid standing water are difficult to construct w thout
speci al i zed equi pnent and surveyi ng techni ques.

Sl opes steeper than 4% to 6% may require special managenent
practices to mnimze erosion potential, such as:

I earthwork to erect berns, diversion ditches, contouring,
and terracing; and

I planting and maintaining grass strips.

The cost of such nmanagenent techni ques should be included in
site evaluation criteria. Additional design detail on these
types of managenent practices are included in Section 6.4 -
"Stormvat er and Hydraulic Controls.”

5.1.2 Site Geol ogy/ Hydrogeol ogy

Characterizing the site's geol ogy and hydrogeol ogy is
inmportant in determ ning potential pathways for contam nant
m gration and design and nonitoring criteria, and consequently
the appropriateness of the site for | andfarm ng.
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5.1.2.1 Regional Geol ogy

Regi onal geol ogi c i nformati on about the location, its major
geol ogic unit boundaries, and aquifers in state and federal
surveys should be correlated with site-specific information
derived fromon-site test bores. Results fromthe test bores
shoul d be used to develop site maps which illustrate the
fol | ow ng:

depth and characteristics of bedrock;

stratigraphy and properties of overburden soils;

rock outcrops;

aqui fer recharge areas; and

geol ogic discontinuities (e.g., faults, joints, fissures,
si nkhol es, etc.).

Enphasi s shoul d be placed on delineating the extent of
confining and aquifer strata, as they represent the primary
retarding and transm ssive | ayers, respectively, for contam nant
m gration. Qutcrops of rock on or near the site may indicate
aqui fer recharge zones, geologic discontinuities and/or faulting.
These features should be investigated to determne their
respective inpacts on geologic stability and groundwater fl ow
regi mes.

The stratigraphy and characteristics of the overburden soils
and bedrock will often indicate potential pathways for
contam nant mgration. These pathways may be used to determ ne
the risks associated within | andfarm ng techni ques. For exanpl e,
a site located within a recharge zone of an aquifer which
supplies drinking water may pose an unacceptable risk even if the
siteis lined prior to applying wastes. Simlarly, if a
sufficient aquitard exists between the incorporation zone and
groundwat er sources, cell lining criteria may be established
whi ch can reduce the groundwat er exposure risks to acceptable
| evel s.

Many states provide specific guidance on geologic siting
criteria for landfills. Because of the simlar |eachate
characteristics and production rates, these criteria are often
directly applicable to | andfarm ng applications. For exanple,
sone states may require that a m ninumthickness of clay or other

A-78



ETL 1110-1-176
28 JUNE 96

| ow perneability stratumunderlie the treatnent area. In |ieu of
(or in addition to) the I ow perneability stratumrequirenent, the
state agency nmay require that the treatnent cell be lined with a
reconpacted clay and/or a synthetic geonenbrane |iner system

These additional |liner requirenments are often based upon
waste type classifications established by the state agency. Each
waste classification may correspond to specific |iner
requi renents. State agencies should be contacted to determ ne
how specific wastes will be classified. Additional discussion of
l[iner criteria is included in Section 5.6 - "Liners and Leachate
Col l ection Systens."

5.1.2.2 Hydrogeol ogy

Rel ated to the definition of geologic units is the
definition and delineation of hydrogeol ogi c processes which occur
within the [imts of the proposed site. Hydrogeol ogic
i nformati on may be obtained from published state and federal
geol ogi cal surveys, state water well records and site-specific
data. Inportant hydrogeol ogi c considerations include:

I depth and extent of water bearing strata,

potentionetric surfaces of water bearing strata,

perneability characteristics of confining and transm ssive
strata,

depth and extent of drinking water aquifers,

water quality data for the respective aquifers, and
I vadose zone saturation |evels.

From these characteristics, the speed and direction of fluid
nmovenent through the soil can be determined. ldeally, the
maxi mum depth of the treatnent zone should be | ocated above the
seasonal |y high groundwater table. This will prevent
contam nation of the groundwater wth untreated waste and provide
sufficient aeration of the soils to prevent the devel opnent of
anaerobic conditions. \Were liners and | eachate collection
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systens are not installed, the bottomof the treatnent zone is
typically maintained at |least 1 neter above the seasonally high
groundwat er el evation to provide roomto install an unsaturated
zone nonitoring system

Shal | ow or perched water tables often occur in fine-grained
soils with I ow hydraulic conductivities. These shall ow water
tabl es may not render the site unacceptable for |andfarm ng since
these soils do not typically provide a groundwater resource.
Experience at such sites indicates that they can be operated
successfully with appropriate waste application scheduling and/ or
drai nage to neet overall performance standards. Wastes should
not be applied to saturated soils or |ocations in which the
groundwat er elevation is at or near the surface. Application of
wastes during these conditions could result in the run-off of
excess waste constituents into the stormiater managenent system
and/or the elimnation of sufficient interstitial pore space
oxygen which is needed to sustain the biological activity. 1In
areas with highly variabl e groundwater el evations, the
application of wastes should be del ayed until the groundwater
el evation has receded to such an extent that the wastes/soi
matrix can be tilled to effectively re-entrain sufficient oxygen
to sustain the biological activity. |In areas with persistently
hi gh groundwat er el evations, the treatnent area should be
intersected with sufficiently deep drainage ditches to
effectively | ower the groundwater elevation until treatnment is
conpl et ed.

In addition, hydraulic barriers nmay be installed to prevent
inflow and infiltration of groundwater and m gration of waste
constituents (see Section 5.6 - "Liners and Leachate Coll ection
Systens")

An eval uation of the groundwater flow direction and speed is
required to determ ne the appropriate |ocations and depths of up-
gradi ent and down-gradient nonitoring wells. Up-gradient wells
will be required to nonitor any changes in background conditions.
Down-gradi ent wells are used to nonitor the waste contai nnent
within the treatnment cell. The wells should be screened within
the strata nost likely to be inpacted by the unit operations.
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Addi tional detail on groundwater nonitoring system design can be
found in Section 5.6 - "Liners and Leachate Coll ection Systens."

Current uses of groundwater within the area should be
determ ned. Specific areas nay be subject to use restrictions
from groundwater quality concerns. These areas typically include
the recharge zones of major drinking water aquifers. Water well
records should be investigated to determ ne whet her near by
communities are utilizing specific geologic units as a water
resource. Experience indicates that even very thin or seem ngly
insignificant water-bearing strata should be considered as a
potential resource for hones or small residential communities.

Sone states may require that a m ni num di stance be
mai nt ai ned between the treatnent area and groundwater production
wells. Simlarly, sonme states nay require that the zone of
i ncorporation be maintained a m ni mum di stance above the seasonal
hi gh groundwat er el evati on.

5.1.2.3 Soils

Since soils are the treatnent nedia for the unit, carefu
consi deration nust be given to selecting a site wth soi
properties suitable for |andfarm ng operations. Soil criteria
whi ch inpact the treatability of the waste are discussed in nore
detail in Section 4.0 - "Treatability Studies.” Soil criteria
whi ch affect waste | eachability and subsequent contai nnment design
criteria are discussed in further detail in Section 5.6 - "Liners
and Leachate Collection Systens.”" Soil units and horizons
| ocated within the extent of the treatnent cell should be
identified to estimate the potential workability of the soil and
the potential for erosion.

A detailed soil survey should be conducted in accordance
with the procedures established by the U S. Departnent of
Agriculture's (USDA) Soil Conservation Service (SCS) (USDA
1992). Estinmates of the boundaries of specific soil series may
be obtained fromsoil survey maps prepared by the SCS. These
maps al so contain descriptions of each soil unit, which include:

I estimates of soil erodability (used to calculate terrace
spaci ngs and ot her erosion control structures);
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I information on subsoil depth and texture (used to estinate
whet her suitable soil is available for the construction of
clay berns or hydraulic barrier |ayers); and

measurenents of surface texture (used to estinmate water
retention capacity).

SCS soil surveys may al so contain informati on on average
and/ or seasonal high groundwater el evations.

Enpirical fornulas have been devel oped to estimate the
quantity of soil eroded froma site. Excessive erosion nmay
result in:

contam nant transport fromthe site;

degradati on of down-stream water quality;

| oss of treatnent nedia; and

cl ogging or loss of capacity in stormwater control
features.

5.1.2.4 CGeotechnical Conditions

In addition to soil properties which inpact biol ogical
activity and potential contam nant m gration pathways, soi
strength data and consolidation paraneters are required for
facilities with significant structures (e.g., dikes, storage
tanks, buildings, etc.). A geotechnical investigation should be
conducted to determ ne soil properties related to the structures.
This investigation may be easily incorporated with the
geol ogi c/ hydr ogeol ogi ¢ i nvestigati on phases.

Geot echni cal investigation requirenents are dependent on the
respective structures to be constructed on the site. Specific
attention should be paid to slope stability anal yses where | arge
contai nment di kes are required. Slope failures of containnent
di kes can have devastating inpacts on liner and | eachate
coll ection systens. (Ceotechnical investigation prograns should
be devel oped by qualified geotechnical engineers with specific
regi onal experience.
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5.1.3 dimte

Al though climate greatly influences waste treatnent rates,
climatic conditions are not typically a major consideration on
site selection. Careful design and operation can overconme nost
climatic conditions. As a result, landfarmng sites are
typically located at or near the waste generation site to
m nimze transportation costs.

Because of the significant inpacts of climate on the
oper ati onal managenment of |andfarmng units (see Section 6.0 -
"Qperational Requirenents"), it is inportant to evaluate the
anticipated climatic conditions.

5.1.3.1 Precipitation

Precipitation may provide the major conponent of irrigation
water for many |andfarm ng units. The net water bal ance at a
facility is an inportant consideration. Regions with seasonally
wet climates pronote anaerobic conditions and may restrict
equi pnent access to the unit. Such regions may require special
desi gns or operational procedures, such as:

I increased tenporary waste storage capacity,

field surface and/ or subsurface drai nage systens,
run-of f and/or run-on control structures,

speci alized waste handling or tilling equipnent with
flotation tires, and

carefully tinmed waste applications.

Carefully tinmed waste applications may be applied to sites
subject to a long rainy season such as nonsoonal rains in
tropical locations. At these types of sites, wastes are
typically delayed until the end of the rainy season. Simlarly,
waste application at sites subject to tropical stormthreats may
be delayed if a tropical stormpresents an i medi ate threat.

Design requirenents and details for these control neasures
are discussed in further detail in Section 5.5 - "Stormmater and
Hydraul ic Controls."

Daily, nmonthly and annual rainfall data can be obtained from
t he National Oceanographic and At nospheric Adm nistration (NOAA).
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This data may be used in conjunction with site-specific drai nage
and infiltration data to determ ne the water balance at the site.
Mat hemat i cal nodel s such as the HELP nodel (See Section 5.6 -
"Liners and Leachate Collection Systens”) may be used to estinate
any water excesses or neke-up requirenents. Design stormdata
used to size conveyances and stormnater storage facilities can be
obtai ned from |l ocal sources or the Departnent of Commerce,

Weat her Bureau (U. S. Departnent of Commerce, 1963).

The use of covers such as sheds or warehouses to mtigate
agai nst the effects of heavy precipitation may not be beneficial.
Sunlight often helps to pronote the degradation of the waste
conpounds. For further information see Section 5.1.3. 3.

5.1.3.2 Tenperature

Organi c waste degradation effectively ceases when soi
tenperatures remain bel ow 10°C for extended periods. Therefore,
units located in northern or nountai nous regi ons nay have
seasonal treatnent restrictions and may require increased storage
capacities. Wen econom c or regulatory constraints require
treatnent even during cold (<10°C) periods, it may be conducted
i nsi de heated buil di ngs.

Dai | y atnospheric tenperature data can be obtained from
NOAA. Soil tenperatures for bare surface soils are commonly
greater than anbient atnospheric tenperatures by 2.2-5.5°C during
daylight hours. Surface soil tenperatures at |landfarmng sites
may exceed anbi ent tenperatures by 5.5 to 8.3°C due to increased
m crobial respiration and the increased radi ant energy absorption
due to the darker soil color which result fromstained or oily
wast es.

5.1.3.3 Sunlight
| f buildings or roofs nust be considered to mnimze

environnmental extrenes, the inpact of omtting the beneficial
effects of ultraviolet radiation in sunlight should be considered
because of its significant role in degrading particul ar wastes
(such as PAHs).

5.1.3.4 Evapotranspiration
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Evapotranspiration i nvolves two noi sture | 0ss processes:
di rect evaporation and transpiration fromplants. Published
evapotranspiration rates may overestimate water loss for a site
because typical biorenediation | andfarns do not include
vegetation. Simlarly, frequent soil tillage significantly
i ncreases direct (pan) evaporation rates. Experience indicates
t hat evapotranspiration rates nore accurately predict noisture
| oss rates for |andfarm ng applications than do pan evaporation
rates.

Pan evaporation rates for specific |ocations can be obtained
from NOAA Docunents (NOAA, 1976). Evapotranspiration rates my
be obtained fromlocal SCS representatives, |locally available
agricultural resources, or synthetic weather generation nodels
such as WGEN provided in the HELP nodel (see Section 5.6 -
"Liners and Leachate Collection Systens").

5.1.3.5 Prevailing Wnds

Al t hough managenent practices strive to mnimze air
em ssions, atnospheric transport of contam nants nmay unavoi dably
occur:

During hot weather or after recent waste applications due
to volatilization of waste constituents;

When aerosols are generated fromspray irrigation with the
reapplication of |eachate;

During high wnd events when tilled soils are nost
susceptible to w nd erosion;

During tilling or waste spreadi ng operations when dust is
gener ated; and

During accidental fires, explosions or rel eases.

As a result, prevailing wind directions may inpact the
siting criteria of facilities |ocated near nmgjor popul ation
centers or sensitive receptors. Methods to control w nd
di spersal are discussed in further detail in Section 5.8 - "Air
Em ssion Controls."
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Wnd is a vector quantity, described by both magnitude and
direction. Frequency anal yses used to determ ne prevailing w nds
use a two-way frequency distribution to construct a standard w nd
rose. An exanple wind rose is presented in Figure A-3.
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Col l ection of site-specific neteorological data for
at nospheric di spersion nodelling should be considered during the
pre-design phase if air nmonitoring of the facility is |likely.
Met eor ol ogi cal data are available fromthe EPA's Ofice of Air
Quality Planning and Standards - Technol ogy Transfer Network.
O her good sources of neteorological data include |local airports
and mlitary installations.

5.1.4 Socio-Geographic Inpacts
Legal factors which affect facility siting may include:

zoning restrictions,

speci al designated ecol ogical areas (e.g., wetl ands,
endanger ed species habitats, recreational areas, etc.),
hi storical or archeol ogical sites,

relocation of residents, and

inpacts on traffic patterns and transportation
restrictions and requirenents.

Local, state and federal |aws governing these considerations
will affect site selection. In addition to the legal restraints,
soci al factors which nust often be considered include:

I proximty to existing or planned conmunities, or
i ndustrial devel opnents,

effects on the | ocal econony and property val ues,
visual or aesthetic inpacts, and

publ i c acceptance.

Buf fer Zones. Buffer zones around treatnent facilities may
be utilized to provide a separation barrier for the |ocal
community and any inpacts by nui sance dusts, odors, volatile
organi ¢ conpounds (VOCs) and m crobial em ssions. During the
application of the waste, m croorgani sns in aerosols or odors nmay
be transported by the wind fromthe application point to the
site's boundaries. Typically, "standard di stances" have been
establi shed by state guidelines for municipal effluent biosolids
and their |landfarm application. These distances are primarily
concerned with the transport of pathogenic organi sns beyond the
treatment boundaries. |If the wastes do not contain such
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organi snms because of their nature (industrial waste) or
pretreatnent, then the buffer zones may be reduced.

Buffer zone criteria established by the state agency for

landfill applications are often generically applied to
| andf arm ng applications. These buffer zones can be found in
landfill design criteria guidance docunents provi ded by nost

st ate agenci es.

CGenerally, buffer zones range from5~to 60 neters wde. The
buffer zone can be m nim zed through:

I proper design selection of application systens,

operational constraints to limt application during
unf avorabl e weat her conditions (e.g. high winds or thermal
i nversions), and

| ocating the units to take advantage of uncleared land to
serve as a buffer zone.

Public opinion against a site will |ikely be stronger the
| ess the buffer distance between a proposed site and residences.

Boundaries. A site may be bordered by a variety of
areas/features that can influence the attractiveness of a
property for landfarm ng. The follow ng types of areas/features
may be detrinental to siting a facility at a particular |ocation:

I natural water features - rivers, wetlands, etc.
communities - residential and commerci al

Nat ural water features pose a threat to the facility through
fl oodi ng and hi gh groundwater |evels. Regulations and public
opi nion may be against locating a waste treatnent facility near
such natural features. The public probably will object to siting
a facility near a residential or comercial community.

Roads. Access roads serve as one of the main neans of

transporting waste to a treatnent facility. It is inportant to
have wel | designed and mai ntai ned access roads both inside a
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facility and fromthe waste source. Travel tinme may be decreased
if the vehicle operator does not have to worry about the
condition of the roads. Design concerns for in-plant roads are
site-specific. However, nost in-plant roads wll consist of

fl exi bl e pavenents (e.g. gravel or asphalt) to provide all-

weat her service and because of the ease of construction and

mai nt enance.

| f hazardous materials are to be transported off site via
public roads, rail, waterways or other neans, the transporter
must conply with the provisions of 40 CFR Part 263, subject to
EPA jurisdiction, and 49 CFR Subchapter C, subject to the
Department of Transportation jurisdiction. |In rural areas,
owners or operators may need to consider the potential for
damagi ng | ocal roads as a result of heavy waste transport
traffic. Public opinion will |ikely be against the additional
traffic, especially heavy vehicles near residential areas.

5.2 DESI GN SEQUENCE

A landfarmis usually designed in a specific sequence to
permt the orderly calculation of the equi pnent sizes and space
needs. \While sone peripheral equipnment sizing can be perforned
si mul taneously, the critical sizing of the treatnent cel
represents a bal ance between the avail able | and area, the vol une
of soil (or sludge) to be treated, and the tine required to neet
t he cl ean-up goal s.

Thus, the area and lift thickness of the treatnent cell is
initially calculated froman estimate of the time for treatnment
of the expected volunme of waste, based on the degradation rate
predicted fromthe treatability study. Once a treatnent depth is
sel ected, the containing walls (usually berns) are sized. From
t hese and a know edge of area neteorol ogical conditions, the
necessary support construction for the cell (liners and water
collection), the water control sunp and the entrance/exit ranps
for equi pnment can be sized.

Most support systens for landfarmng are related to water
managenent. Thus, tanks, punps and distribution equi pnment are
si zed based on the expected water-punping requirenents. Tilling
equi pnment, its requisite decontam nation pads, and equi pnent
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storage may al so be selected once the treatnent area, depth and
frequency of tilling are calculated. WMre detailed design
procedures are given below. An exanple design for the

| andf arm ng of fuel-contam nated soils is included in Appendi x D.

5.3 LANDFARM NG OPERATI ONAL SCHEMATI C

Figures D1 and D-2 show the plan and profile view of the
| andf arm ng system di scussed in Appendi x D. Additional details
for this design exanple are shown in Figures D3 and D-4. The
wat er managenent systemis actually the only true process system
utilized in nost |andfarns. Figure D-5 illustrates the process
flow diagramfor the |andfarm ng systemillustrated in Figures D
1 through D-4.

5.4 TREATMENT CELL SIZI NG

5.4.1 Treatnent Duration

The land-limting constituent (LLC) refers to the conpound
which requires the longest tinme to degrade below its proposed
target concentration. The LLC can be identified by conparing
each waste constituent's initial and final target concentrations
to the assim |l ative capacity of the process for each target
constituent. The unit may be sized by dividing the required
treatment rate (mass/tine) by the assimlative capacity of the
unit (mass/tinme/area) for the LLC

The rate of degradation of wastes (nass/tinme) applied in a
single application to a landfarmng unit varies. Since the
bi omass degradi ng the waste decreases as the concentration of the
waste in the soil matrix decreases, the rate at which specific
constituents degrade decreases with tine. As aresult, the rate
of decay of a specific constituent is nost often expressed in
terms of its half-life. The concentration of a waste constituent
may be estimated at any specific tinme using the foll ow ng
equation (USEPA, 1983a):

wher e:
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C = concentration of the waste constituent at tinme
t, (nmy/Kg of soil)

G = initial concentration of the LLC waste
constituent (ng/Kg of soil)

k, = decay rate coefficient of the waste (day!) as
determned in the treatability study

t, = time to achieve a given concentration (days)

The time required to degrade the waste constituent from an
initial concentration to a target concentration nmay be esti nmated
using the foll ow ng equation (USEPA, 1983a):

CO

C

1
t.=—In
lkS

Care should be taken when initial |oading concentrations or
target concentrations approach m ni numthreshol d concentrations
at which specific constituents have been shown to be treated
biologically. At such |low concentrations, these fornmulas may
significantly underestimate the tine required to achieve the
target concentration. These equations should not be used to
extrapolate the treatnment tinmes and concentrations beyond those
tested in the treatability study.

After this first calculation, the design phase uses an
iterative process to reach an econom cal solution. During this
phase, the objective is to determ ne whether it is nore
economcal to use the first calculated LLC area; or to pretreat
the waste, renoving the LLC and arriving at a new LLC and an
associated area. Final unit sizing probably will take several
iterations to solve for the nost econom cal operating area, along
with the inclusion of the operational properties of the unit.

5.4.2 Treatnent Vol une
The typical nodern landfarmis created to treat:

I asingle lift of contam nated soil; or

repeated applications of contam nated soils which have
been inpacted by a spill or repeated spills over a
prol onged period of tine.
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In either case, an estimate of the volune of soil requiring
containment is made froma site delineation

The in-situ contam nated soil volume estimte nust be
mul tiplied by a "bulking factor"” to account for the deliberate
| oosening of the soil to permt adequate air flow. These bul king
factors may range from 1. 15 for sandy soils to 1.6 for highly
pl astic clays. Typical values range from1l.2 to 1.4. These
factors are based on field experience with |ocal soils.

5.4.3 Treatnent Area

Landfarm ng usually utilizes a |arge surface area.
Treat ment operations are often constrained by both the avail able
surface area and the practical tillage depth. The initial area
estimate is usually cal culated by assumng a lift thickness.

Lift thicknesses are typically limted by the depth to which

t he avail abl e equi pnent can till or mx. The upper bound of the
initial lift thickness estimate may be either:
I 45 cm (18 in) where the expected treatnment cell is greater

than 20 by 20 nmeters (the mninumarea required for a
standard tractor and disc set); or

20to 30 cm (8 to 12 in) for smaller areas where roto-
tillers could be used for till age.

Where sufficient surface area is available, lift thicknesses
in the range of 20-30 cm (8-12 inches) are the nost efficient and
yield the fastest treatnent rates wwth mnimal difficulty. The
use of deeper lifts generally causes reduced oxygen diffusion
into the |ower portion of the lift, reducing the treatnent rate.

As aresult, tilling frequency nust be increased to maintain
sufficient oxygen levels and treatnent efficiencies. This
increased tilling frequency increases treatnent costs and may

potentially damage the soil structure. Danaged soils may require
the addition of bul king agents which will also increase treatnent
costs.
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Avai | abl e space nust be eval uated to determ ne whet her
sufficient roomexists for treatnent cells and associ at ed
operations; typical non-treatnent cell area requirenents are 15-
25% of total available area. Were anple space is avail abl e,
square treatnent units will reduce capital costs by m nim zing
the length of the perinmeter dikes. However, a mnimmlength of
20 to 30 neters is preferable for operations which intend to use
standard tractor and disc sets to mnimze equi pnment turn around.

Where insufficient area is available to treat the vol une of
waste in one lift, multiple lifts may be applied to a treatnent

cell. This will require renoving the initial lift prior to the
application of a subsequent |ift or providing sufficient
freeboard to place several lifts atop one another.

Care should be taken when designing | andfarm ng systens
where subsequent |ifts are stacked. Conmon probl ens include:

I Treated soils in lower lifts may be recontam nated by
| eachate generated by newy applied lifts, and these zones
may not be "retreated" because they are bel ow the
effective treatnent zone; and

Moi sture added to coarse-grained soils may quickly
percol ate into underlying |layers, depriving the treatnent
zone of needed noi sture.

When free draining, course-grained soils (clean sands and
gravel s) are to be land treated, provisions should be made to
either provide nore frequent irrigation or mnimze the lift
t hi ckness and | eachate renoval systemin order to account for the
nmore rapid percol ation of the water through the soil nedi a.

Addi tionally, bulking agents may be used to inprove the field
capacity of these soils.

5.5 STORMMTER AND HYDRAULI C CONTROLS

Stormwat er and hydraulic controls consist of those nmeasures
required to (a) prevent stormmater run-on, (b) retain contact
stormvat er and | eachate, and (c) mnimze the erosion of
contam nated soils. Stormmater control and handling
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met hodol ogi es for landfarm ng units have classically been simlar
to those used by other civil/agricultural projects and include:

Perineter and interior dikes;

Channel s, ditches, swales and cul verts;
Terraces, benches and berms;

Eart hen basi ns and/or tankage; and
Sunps, punps and conveyance pi pi ng.

Si zing of the conveyance and storage facilities requires
establishing return intervals for design stornms to conpute peak
intensities and quantities, respectively.

5.5.1 Design StormCriteria

During devel opnment of design criteria, the return interva
of the design storm(e.g., 25-year, 100-year) should be sel ected
for the purpose of sizing of conveyances and storage facilities.
The 25-year stormis nost commonly used for sizing hydraulic
controls (conveyances and storage) wthin [andfarm ng units.
Were treatnent units may be | ocated within flood-prone areas,
additional controls (such as perineter dikes) nay be required to
prevent flood water run-on. The 100-year stormis npbst conmmonly
used for sizing run-on control dikes. Design stormreturn
intervals may either be established by regulatory requirenents or
by conparing the potential cost of damage or accidental release
with the cost of control neasures and eval uating the associ ated
risks.

5.5.2 D ke Sizing Considerations
Landfarmng units utilize dike structures for:

preventing stormwater run-on,

segregating treatnent cells, and

preventing stormwater run-off in the event actual
condi tions exceed design conditions.

In flood-prone areas, perineter dikes should be sized to
prevent flood water run-on and overtopping as a result of current
or wave run-up. Freeboard may vary fromO0.15 to 0.60 neters (0.5
to 2 ft), depending upon local requirements. A mninumof 0.3
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meters (1 ft) of internal freeboard is recomended to prevent
spillage of soil during tillage.

The perineter di ke system should not be used to contain
stormnat er, except in energencies when actual conditions exceed
the design stormconditions. This practice |eads to flooding of
treatnent cells and the devel opnent of anaerobic conditions.

I nstead, internal ditches are typically used to convey stormater
to a collection sunp or basin. In the event that actual
condi ti ons exceed design assunptions, perineter dikes may be used
to retain water beyond the capacity of the storage facilities to
mnimze the risk of uncontrolled di scharges.

I nternal dikes typically consist of small bernms used to (a)
segregate treatnent cells, (b) facilitate irrigation managenent,
and (c) provide personnel and equi pnent access. These berns can
be constructed with standard farminpl enents and may be added,
rel ocated or renoved as operations dictate.

5.5.3 Contact Stormmater and Leachate Storage Considerations

Bot h contact stormwater and | eachate produced from
facilities handling RCRA hazardous wastes nust be treated as
hazardous, regardless of the characteristics of the water.
Leachat e produced from either RCRA-exenpt or non-hazardous
facilities should be carefully evaluated. It may potentially be
regul at ed beyond the soil waste classification, since it may
contai n higher concentrations of waste constituents than contact
stormrunoff due to its intimate contact with the waste. As a
result, determnation of the waters' classification (hazardous
vs. non-hazardous) has a significant inpact on the design of
conveyances and storage procedures.

It may be necessary to collect and store |eachate in a
separate containnent facility. Leachate produced fromlisted
hazar dous wastes nust often be handl ed as a hazardous wast e,
whil e contact stormnater often does not exhibit hazardous
characteristics. During bench and pilot-scale testing, |eachate
which is not specifically |listed as hazardous should be tested to
determ ne whether it contains potentially hazardous constituents.
Handl i ng of RCRA hazardous | eachate often includes additional
controls, such as double contai nnent, which can inpact space
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requi renents. Wen | eachates are determ ned to be non-hazardous,
they are typically conbined with the contact stormwater to
mnimze the quantity of stormmater handling equi pnent.

At a mnimum storage facilities should be designed to
contain the expected run-off fromthe design stormat any given
time. One approach is to design the capacity for the run-off
expected and to maintain the storage facility in an enpty
condition. Another approach is to provide contai nnent of run-off
fromprevious storns as well as the run-off fromthe design
storm It is advantageous to use the collected water to irrigate
the landfarm Because the storage facilities cannot be enptied
i nst ant aneously, sonme accunul ated water nust be included in the
design of storage facilities.

5.5.3.1 Designing for Peak Stormnater Run-off

The Rational Method may be used for estimating the vol une
and rate of run-off generated for a particular design storm The
formula and run-off coefficients for the Rational Method can be
found in nost civil and hydrol ogy texts.

When sel ecting Rational Method coefficients, antecedent
nmoi sture condi tions should be considered. Oten design storns
occur during a "wet" season, when soil conditions are already
near saturation. Through irrigation and/or reapplication of
wastes, nost |andfarns are maintained in a nmoist condition with
wat er contents well above typical croplands. Many conservative
desi gners assune conpletely saturated conditions (c=l).

This method is applicable for relatively small areas (<200
acres) in which rainfall is relatively uniformover the entire
area and is adequate for nost |andfarm applications. For very
| ar ge operable units, Soil Conservation Service (SCS) Curve
Nunmber net hods nay be nore appropriate. Large, conplex sites may
requi re nore sophisticated techni ques which cal cul ate the run-off
hydr ograph and integrate the hydrograph to determne the ultinate
vol une.

5.5.3.2 Designing for Nornmal Seasonal Run-off
Rat her than treating | eachate and contact stormmater, it is
often nore economcal to utilize it for irrigation. This
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requires sufficient storage to retain surplus water in excess of
the design storm previously discussed.

Typical ly, water bal ances and | ong-term storage requirenents
for stormnvater are conputed using hydrologic nodels. One such
readi |y avail abl e hydrol ogi c nodel is the Hydrologic Evaluation of Landfill
Performance (HELP) Model, (USEPA, 1994b) prepared by the USACE
WAt er ways Experinment Station. Although specifically witten to

evaluate landfill liner performance in ternms of |eachate
generation rates, this nodel is readily applicable to | andfarm ng
design. The nodel accepts climtol ogical, soil, and design data

and utilizes a solution technique that accounts for the effects
of surface storage, runoff, infiltration, percolation,
evapotranspiration, soil noisture storage, and | ateral drainage.

5.5.3.3 Design of Stormnater Conveyances

Ditches and berns are used to intercept, divert and
transport stormmater runoff, while culverts are used to transport
wat er between ditches and i npoundnents. The first step in sizing
ditches is determ ning the amount of flow which occurs for a
particul ar section of the ditch. Based on the site size and
condi tions, one of the follow ng nmethods may be used to determ ne
peak flows on and around the facility being designed:

I Rational Method,
SCS Smal | WAt ershed Met hod, and
Conmput er Models (e.g. HEC 1).

Theoretically, the SCS nethod may represent the best
stormvat er runoff nodel for a landfarm ng unit because it was
devel oped for agricultural runoff wth consideration for soi
infiltration characteristics. However, the basic unit of the
runoff area is square mles, which is better suited for |arge
agricultural units. Experience indicates that the Rational
Met hod i s an adequate nethod because it is relatively easy to
apply to the relatively snmall |and areas of | andfarm ng
facilities.

Because landfarmnq facilities are subject to erosion,

sedinments tend to accumulate in the stormwater conveyances and
storage facilities. Cean-outs should be provided such that
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t hese sedinents may be periodically renoved and reapplied to the
treatnent cell

5.5.3.4 lrrigation Water Controls and Collection

The irrigation system and associ ated treatnent unit should
be designed and operated such that no runoff occurs during the
application of irrigation water. The easiest neans of neeting
this constraint is to not exceed the infiltration-percolation
capacity of the soil with the application of water. The noisture
content of the soil can be used as a gauge for application. To
gauge the degree of saturation, the saturation noisture content
shoul d be established prior to any waste application.

If the landfarmis treating VOCs, water treatnment may be
required before the water is reused (sprinkled), to renove the
VOCs so that they are not released into the air during
sprinkling. Although not commonly required, activated carbon
cani sters nmay be used for this purpose. Carbon canisters shoul d
be sized such that 10 kil ogranms of carbon are used for each
kil ogram of VOC to be renoved. Detailed isothernms for specific
conpounds nay be used to refine this estimate of carbon
consunption. This data is typically avail able from carbon
suppliers for each type of avail able carbon

5.5.4 Erosion Control Considerations

One goal of landfarm ng unit design is to mnimze erosion
thereby m nimzing contam nated sedi mnent transport fromthe
facility. Though local criteria vary, it is generally desirable
to maintain erosion |levels below 2 tons/acre/year. The Universal
Soil Loss Equation may be used to estimate the quantity of soi
eroded froma particular site. This equation and estimates for
its paraneters may be found in nost agronony and soil taxonony
texts. Newer nodels include WEPP & RUSSLT (USDA, 1992).

If the estinmates exceed tolerable |evels of erosion, benching
or terracing may be required. The original type of bench terrace
is designed for slopes of up to 25%to 30% and resenbl es a gi ant
stairway. Modern conservation bench terraces are adapted to
sl opes of 6% to 8% and aid in noisture retention as well as
erosion control. Broadbase terraces are adapted for sl opes of
approxi mately 2% and consi st of a water-conducting channel and
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ridge. Contour |evees may be used for slopes of |ess than 2%
Schematics of these types of slopes are illustrated in Figure A-
4. The general placenent of terraces is across the slope with a
slight grade toward one or both ends. Collected water then
drains into a culvert or protected waterway, which may be
vegetated, covered with stabilization fabrics or rip-rap, and/or
i npeded (e.g., wth silt fences).
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FIGURE A-4

SCHEMATIC DIAGRAM OF GENERAL TYPES OF TERRACES
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The vertical interval of the terraces may be roughly
estimated as:

VI =aS+B
Wher e:
VI = vertical interval of the terraces (feet)
a = geographi c constant (Figure A-5)
b = Soil erodibility and cover condition constant
(Figure A-6)
S = Land sl ope in percent

To m nimze erosion of sedinments in earthen channels, the
suggested maxi num vel ocities in Table A-22 should not be exceeded
for design conditions.

5.6 LINERS AND LEACHATE COLLECTI ON SYSTEMS

Facilities which strictly prohibit the incorporation of
wast es contai ning nobile constituents (e.g., RCRA facilities) do
not require liners because harnful |eachate is elimnated or
m nim zed through careful selection of waste type. The nunber of
these facilities is very limted, since nost wastes contain
metals or nobile organic constituents which are slow to degrade
in conparison with the potential mgration rate.

Treatnment units which may contain or incorporate nobile
and/ or non-degradabl e constituents which may be detrinental to
human health or the environnent (e.g., corrective actions or RCRA
exenpt ed wastes) should be constructed with controls designed to
prevent or mnimze mgration of these constituents fromthe
treatnment unit. These controls may consist of:

I stormnater collection and storage systens,
| eachate coll ection systens,

hydraulic barrier |ayers, and/or

1 |eak detection systens.
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Values of a and b* in terrace spacing equation,
VI » aS + b (ASAE, Terracing Committee, 1980).
Reprinted by permission of ASAE.

*Values for b vary and are influenced by soil
erodibility, cropping systems, and management
systems; in all zones, b will have a value of
0.3, 0.6, 0.9 or 1.2. The low value is appli-
cable to very erodible soils with conventional
tillage and little crop residue; the high value
is applicable to erosion resistant soils where
no-tillage methods are used and a large amount
of crop residue remains on the soil surface.

FIGURE A-5

GEOGRAPHIC CONSTANTS FOR TERRACE DESIGN
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FIGURE A-6
SOIL ERODIBILITY FACTOR
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Vel ocities

Maxi mum Perm ssi bl e Velocities (fps)

Soil type or lining
(earth: no Clear | Water Carrying | Water Carrying
veget ati on) Wat er fine silts Sand and G avel
Fi ne sand
(noncol | oi dal) 1.5 2.5 1.5
Sandy Loam
(noncol | oi dal) 1.7 2.5 2.0
Silt Loam 3.0
(noncol | oi dal) 2.0 2.0
Odinary firmloam 2.5 3.5 2.2
Vol cani ¢ ash 2.5 3.5 2.0
Fi ne gravel 2.5 5.0 3.7
Stiff clay (very 3.7 5.0 3.0
col | oi dal)
G aded, loamto 3.7 5.0 5.0
cobbl es (noncol |l oi dal
G aded, silt to 4.0 5.5 5.0
cobbl es (colloida
Al luvial silts 3.5
(noncol | oi dal) 2.0 2.0
Al luvial silts
(col I oi dal 3.7 5.0 3.0
Coarse grave
(noncol | oi dal 4.0 6.0 6.5
Cobbl es and shingl es 5.0 5.5 6.5
Shal es and hard pans 6.0 6.0 5.0
Van der Leeden, et. al. 1990)
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Constituent mgration into the groundwater provides a primary
transport nechani smfor waste constituents. Mbile, non-
degradabl e constituents wthin the waste may be prevented from
mgrating fromthe treatnment cell through a conbi nation of
| eachate collection systens and hydraulic barrier |layers. Leak
detection systens may be required for hazardous waste sites where
addi tional assurances of groundwater protection are required.

As discussed in Section 3.0 - "Regul atory Requirenents,"”
liner design criteria may be established through use of state
desi gn gui dance docunents or by applying risk assessnent
criteria. Determnation of liner criteria using risk assessnent
techni ques requires that | eachate quantities and constituent
concentrations be established for sensitive receptors. Estimation
of | eachate quantities and contam nant fate and transport
mechani snms can be conputed using the foll ow ng nodel s:

! Hydrologic Evaluation of Landfill Performance(HELP Model) ( USEPA, 1994b)

I Multimedia Exposure Assessment (MULTIMED) Model, ( Shar p- Hansen, et
al ., 1990)

Speci fic guidance for design and construction of |eachate
collection systens and |iner systens is beyond the scope of this
docunent. However, considerations specific to the design and
construction of landfarm ng units are discussed in the foll ow ng
sections. More detail ed guidance on the design of |eachate
collection and liner systens can be found in the foll ow ng EPA
desi gn gui dance docunents:

I Design and Construction of RCRA/CERCLA Final Covers, ( USEPA, 1991b)

Geosynthetic Design Guidance for Landfill Cells and Surface Impoundments,
(USEPA, 1989c)

EPA Guide to Technical Resources for the Design of Land Disposal Facilities,
(USEPA, 1988a)

Quality Assurance and Quality Control for Waste Containment Facilities, ( USEPA,
1993e)

A- 106



ETL 1110-1-176
28 JUNE 96

I Requirenents for Hazardous Waste Landfill Design,
Construction and O osure (EPA/ 625/ 4-89/022)

The follow ng guide specifications for mlitary construction
are al so avail abl e:

I CEGS No. 02243 - Drai nage Layer

I CEGS No. 02271 - Waste Contai nment Geonenbrane

I CEGS No. 02272 - Separation/Filtration Ceotextile
I CEGS No. 02273 - Ceonet

I CEGS No. 02442 - Geosynthetic Cay Liner

I CEGS No. 02443 - Low Perneability C ay Layer

5.6.1 Leachate Controls and Collection

A maj or nmeans of controlling | eachate mgration fromthe
treatnment cell entails mnimzing the head of water on the unit
area and controlling application of the waste. Increased
hydraul i c heads above the liner result in increased |eachate
m gration rates through the liner or defects in the liner. This
hydraulic head may be mnimzed by sloping the site to renove
standi ng water, and by installing an underdrain system (| eachate
col l ection systen) below the treatnent zone to renpbve excess
wat er and/or liquid waste.

The | ateral drainage |ayer transports | eachate fromthe
treatnent zone to collection piping and subsequently to a sunp.
Landfill applications have typically used coarse granular fills,
geotextiles and geosynthetic drainage nets to forml eachate
collection |layers. These applications have utilized non-woven
geotextiles to maintain separation between waste packs and sand,
gravel and/or drainage net |ayers.

Many | eachate collection configurations typical for landfills
shoul d not be used for |andfarm ng applications. Sone probl ens
uni que to landfarm ng applications are:

I Non-woven geotextiles forman excellent substrate for
bi ol ogi cal activity. Because of the pronoted biol ogical
environnent, these materials tend to clog rel atively
qui ckly. Their use should, therefore, be avoi ded where
possi bl e.
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I Applying and renoving lifts of contam nated material can
damage |iners and drainage | ayers when exposed to
equi prent traffic. Therefore, synthetic drainage nets
shoul d not be used in place of coarse granular soils for
| eachate collection systens. Drainage nets may, however
be used in | eak detection |ayers.

Renoving lifts of contam nated material requires scraping
the treated Iift fromthe treatnent cell, typically with a
front-end | oader or nechani cal pan. To protect the

| eachate collection and liner layers, an arnoring |ayer
(gravel or crushed stone) is required to indicate over-
excavation to equi pnent operator. This arnoring |ayer is
typically incorporated into the | eachate collection |ayer.

Because | andfarns are inherently shallow, buried gravel-
packed sunps typical to landfills may not be required.
Leachate coll ection headers may be routed directly to open
sunps, which nmay be constructed of reinforced concrete,
vertical caisson pipes of varying' materials, |ined
earthen construction, etc. Sunps which remain unpacked

i ncrease the sunps' vol une, and subsequently reduce punp
cycling, capital, and operation and nai ntenance costs.

The thicknesses and transm ssivities of the | eachate
collection layer may be sized based on state guidance or after
estimates of | eachate production rates are cal culated. The HELP
nmodel contains techniques for estimating |eachate production and
transm ssion rates for alternative designs.

The follow ng are additional design considerations for
| andf arm ng | eachate col |l ecti on systens:

I The granular layer should be at |least 0.30 neters thick
or, as a rule of thunmb, at least half the thickness of the
tilling depth to m nimze danmage to the underlying |ayers.

The granul ar | ayer should be inspected and repaired after
each lift renoval operation
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The granul ar |layers should primarily consist of well-
conpacted, well-graded crushed stones or gravels with

m ni mum conpacted perneabilities between 102 cm's and 103
cnms (28 to 2.8 ft/day). Landfill |eachate collection

| ayers typically consist of poorly graded sands and
gravels placed with little conpaction efforts to naxim ze
pernmeability. Sands offer little resistance to tilling
and excavation equi pnent. Poorly graded and | oosely
conpacted materials are also easier to excavate than well -
graded, dense materi al s.

Because of pronoted biol ogical activity, geotextiles
should be omtted where practical to avoid clogging. This
requires that dramatic changes in grain size at |ayer

i nterfaces be avoided. For exanple, silty or clayey soils
shoul d not be placed directly upon a gravel |ayer which
contains few fines. The overlying soil would rapidly
"sift" into the gravel |ayer, effectively clogging the
gravel layer. Alternatively, the gravel |ayer should
either be overlain by, or mxed with, a nedium to fine-
sand which wll prevent the overlying layer from cl ogging
the gravel. Sizing of boundary soils nmay be perforned
simlarly to the sizing of sand/gravel packs for well
construction and may be conputed using the procedures in

t he EPA' s Manual of Water Well Construction Practices ( USEPA, 1975).

Because of the reduced perneability of well-graded, dense
fills and the propensity of the arnoring/leachate
collection layer to clog, an additional (nore perneable)

| ayer may be required to laterally transmt the | eachate
to the collection piping system

Si nce geotextiles nmust be avoi ded, drainage collection

| aterals (pipes) should be slotted instead of perforated.
Perforated pipes tend to allow nore fines to infiltrate
into and clog the collection system The slots should be
appropriately sized for the surroundi ng gravel pack per
EPA' s Manual of Water Well Construction Practices ( USEPA, 1975) .
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I Sunps which collect hazardous constituents may require
doubl e contai nnent. Sunps which collect |eachate
cont ai ni ng non-net hane VOCs may require a cover and
venting through carbon.

5.6.2 Liners /| Hydraulic Barriers

Hydraulic barriers protect existing soils and aquifers by
retarding the vertical and |lateral mgration of wastes and
| eachate fromwastes. For nmany years, several different types of
hydraulic barriers have been successfully used in |andfarns,
landfills, inmpoundnents and cl osures. These include:

I reconpacted clay liners,
I geosynthetic clay liners, and
I geonenbrane |iners.

Determ nation of lining requirenents should be made in
accordance wth Section 3.0 - "Regulatory Requirenents."” A nore
detail ed di scussion of the advantages and di sadvant ages of
various liner materials is included in Section 8.0 - "Materials
of Construction.” Details of construction for |liners can be
found in the references listed previously in this section.

5.6.3 Leak Detection Systens

Leak detection systens for hazardous waste |landfarmng units
are not significantly different than those utilized for |andfil
designs. These systens may be constructed with granular soils
and/ or geosynthetic |layers in accordance with the reference
gui dance docunents cited for |iner construction.

5.7 SUPPORT FACILITIES
5.7.1 Tillage Equipnent

Tillage equi pnment is sized to maxim ze the productivity of
operating personnel. This typically translates into equi pnent
which can till the entire treatnent area in approximtely 1 day.
Since farmmachinery is typically nodular in size, the size which
achieves the tillage objectives with a single unit is used.

For contam nated soil |andfarns, the usual equipnent, tractor
and disc harrow, is available fromfarm equi pnent suppliers in
new or used condition. Typical disc set ranges from2 to 5
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meters (6 to 16 feet) in width and 45 cm (18 in) in disc height.
The degree of difficulty in pulling the discs through the soi
determ nes the required horsepower for the tractor. Local

equi pnent suppliers can assist with determ ning the tractor
sizes. For initial estimates, a 2-neter-w de disc harrow
tilling 20 cmdeep typically requires a 30- to 35-HP tractor;
this equi pnent can till several acres per day.

Al t hough tractor and disc harrows are the nost common m Xxi ng
equi pnent used, roto-tillers, pulvam xers and chisel plows my be
used for specialized applications. Roto-tillers are particularly
useful in small or constrained treatnent cells where | arger
equi pnent cannot maneuver. Various types of rototillers offer
much better m xing than the disc harrows, increasing the
uniformty of contam nant distribution and access of
m croorgani sns to the contam nant. Tractor-nmounted rototillers
can be obtained in nost sizes required for the efficient coverage
of various sizes of land treatnent units.

Pul vam xers are particularly useful when either air em ssions
nmust be controlled during m xing or high energies are required
for mxing (particularly in wet, highly plastic clays). Use of
pul vam xers shoul d not be excessive to avoid damage to the soi
structure. Chisel plows have been used where very thick lifts
are to be mxed (particularly in cohesionless soils). Chisel
pl ows shoul d be avoided in cohesive soils since they tend to
"roll over" the soil mass wi thout entraining a significant anount
of "fresh" air.

5.7.2 Punps
The sunp punp is sized to keep the sunp water below the fl oat

switch level during a stormevent. The punp which transfers
water fromthe storage tank to the landfarmis sized to provide
the equivalent of 2 cmof water per day over the entire area of
the landfarm To ensure that the sprinklers will function
properly, the pressure drop through the distribution system
(usual ly hoses and sprinklers) nust be accounted for.
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5.7.3 Water Distribution Systens

Water is usually distributed across the surface of the
| andf ar m usi ng soaker hoses or |lawn sprinklers that are readily
avai |l abl e, inexpensive and reliable. Covered |landfarns are nore
readily served by soaker hoses because the evaporation rate is
| ower and the cover is only renoved for tillage. For open
| andf arns, hoses and sprinklers are used to cover the surface as
evenly as possible. Further details on designing water
di stribution systens can be found in EPA's gui dance docunent
(USEPA, 1993Db).

5.7.4 Decontam nation Areas

Equi prent and personnel may transport contam nants away from
a landfarmng facility. A variety of activities may put
equi pnent and personnel into contact with the waste. The
foll ow ng are exanpl es:

wast e excavati on,

wast e transportation,

waste application and tillage, and
site nonitoring.

Site design should include decontam nation facilities for
bot h equi prent and personnel. Equi pnent decontam nation areas
shoul d be designed for the |argest piece of equi pnent, and should
be |l ocated close to the waste to mnimze the inpact of
contam nant transport. The follow ng itens should be included
for an equi pnment decontam nation station

I potable water source,

I power source to operate steam generators and hi gh-pressure
wat er punps,

punp capable of mnimumO0.2 L/s flow at 6900 kPa di scharge
pressure with internal relief valves or safety shutoff,

portabl e water heater capable of providing 0.2 L/s of flow
at 55°C or 0.2 L/s steam (0.2 quality) at 160°C,
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hi gh- pressure water hoses constructed with reinforcing
fabric suitable for continuous service at 180°C and a safe
wor ki ng pressure of at |east tw ce the maxi mum di scharge
pressure of the water/steam heating equi pnent,

a sealed pad wth drains and walls to contain spray and
spl ash usually constructed of reinforced concrete;

sunp to collect wash water fromthe pad or drainage
control channelling which directs wash water into
stormnvat er or | eachate sunps (dependi ng upon regul atory
requirenents), and

desi gnat ed decont am nation and excl usi on zones for
personnel working at the decontam nation stations.

Decontam nation facilities for personnel may be incorporated
with the equipnent facilities. These facilities are not as
extensi ve as equi pnent decontam nation stations. Portable
showers, wash buckets with detergents and scrub brushes are a few
exanpl es of decontam nati on equi pnent required for personnel.

5.7.5 Storage Areas

An area may need to be allocated for the tenporary storage of
wastes prior to their treatnment at the |andfarm Sizing is
based on waste soil generation or excavation rates versus
treatment rates.

An area needs to be allocated for the assenbly, maintenance
and storage of equipnent and materials related to treatnent
operations during sizing of the landfarm The size of the area
wi |l vary depending on the facility's size and the types of
equi pnent utilized. The area may include the follow ng itens:

I small storage tanks used for nutrient storage, |eachate
storage, etc.;

equi pnent nmai nt enance shop;

pi ping material s and assenbly, etc.; and
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I tenmporary handling of roll-off or shipping containers.

5.8 AIR EM SSI ON CONTROLS
Two types of air em ssions nmust be considered in design of
controls for landfarmng facility:

I volatile organic em ssions fromthe waste, and
I dust control.

Controls nust be designed to minimze the effect on personnel
operating the facility, as well as personnel in the adjacent
ar ea.

5.8.1 Molatile Oganic Enm ssions
The design for air em ssions fromvolatile organics (where
requi red) needs to include:

I review of the waste to be applied and a determ nation
whet her the potential exists for volatile organic
em ssions; and

if the potential exists, a plan to provide personnel
monitoring as well as fence |ine nonitoring.

The plan nust specify all protective equipnment required to
mnimze risk of exposure to |andfarmstaff. Personnel
nmoni tori ng badges nmay be useful or required.

Typically, nmonitoring is performed across the cell and at the
fence |line using a photoionization detector (PID) calibrated to
an appropriate standard gas. The threshold readi ng for ceasing
operations is specified in the site Health and Safety Pl an.

5.8.2 Dust Control

Procedures nust be established to mnimze dust em ssion,
potentially to below sone regulatory |imt (depending on the
nature and exi stence of an air discharge permt). These controls
coul d i ncl ude:
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I suspension of activities during high w nd peri ods,
I covering the landfarmwth a plastic liner, and
I application of water over the treatnent zone.

Dust em ssions are of particular concern where the wastes my
contain toxic netals or semvolatile constituents which when
adsorbed or attached to the dust particles may mgrate fromthe
treatnent unit. For these sites, suppression of dust may be
required at |levels well bel ow those established for "nuisance"
dust .

5.8.3 A r Pathway Analysis

Dependi ng upon the toxicity of the waste constituents and
| ocal regulatory requirenents, an air pathway anal ysis nay be
required to determ ne constituent em ssions |evels during
| andf ar m operati on and construction. These anal yses results may
be used to determ ne the need for control technol ogies and air
noni toring requirenents.

The designer should use ETL 0375 "Air Pathway Analysis for the
Desi gn of Hazardous, Toxic and Radi oactive Waste (HTRW Renedi al
Action Projects" as a guide for perform ng these anal yses.

5.9 SECURITY

Security at a landfarmng site is concerned with the safety
of system equi pnent and facilities as well as safety of
unaut hori zed personnel who nmay cone in contact with the site.
Different |levels of security are dependent upon the proximty of
the site to popul ated areas and any special problens related to
t he waste.

At a mininmum sites containing hazardous materials are
typically enclosed within a 2-neter (6 foot) chain-link fence
topped wth three stands of barbed wire. Entrance and egress
control is provided by either admnistrative personnel or full-
time security personnel. Depending on the topography and
vegetation on the site and adjoining areas, entrance gates nay
suffice to prevent unauthorized vehi cul ar access.
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Qperations within the treatnent unit are typically restricted
to daylight hours. Therefore, supplenental |ighting of the
treatnent area is typically unnecessary.

5.10 UTILITIES

Larger landfarmng facilities and continuous treatnment units
wi |l usually have electrical, water, conmunication, and sanitary
services. Renote sites may have to extend existing service or
use acceptable substitutes. Portable chemcal toilets can be
used to avoid the high cost of extending sewer |ines; potable
wat er may be trucked in; and an electric generator may be used
i nstead of having power lines run into the site. Sone |arge
hazardous waste treatnent units have used gasol i ne- powered punps
to provide sprinkling and decontam nation water, a tractor and
discs for tilling, and a portable toilet.

Water should be avail able for:

dri nki ng,

dust control,

decont am nati on and equi pnent washi ng,
irrigation, and

enpl oyee sanitary facilities.

Tel ephone or radi o comruni cati ons may be necessary to cal
for energency assi stance.
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6.0 OPERATI ON REQUI REMENTS

Previ ous chapters have di scussed the general principles of
| andf arm desi gn and operation. This chapter will describes the
operating requirenents for successful waste renedi ation.

6.1 SAFETY

For | andfarm ng operations, the operating contractor should
wite a site safety and health plan that neets the requirenents
of the safety, health and energency response specifications. |If
the operating contractor adheres to the specifications, his
operation will be in conpliance with OSHA requirenents under 29
CFR 1910. 120/ 1926. 65 and USACE requirenmnents (ER 385-1-92). The
operating contractor will wite the plan and submt it to the
Corps' construction agent working on the contract. The
construction agent will review and comment on the plan.

6.1.1 Routes of Exposure

"Routes of Exposure" refers to the ways a potentially
hazardous material may interact with a worker or the surroundi ng
environment. The primary routes of exposure considered in
| andf arm ng are:

I Inhalation of dust, aerosols or volatile constituents
emtted fromthe | andfarm

| ngestion of soil or waste in solid or liquid form

Absor ption through the skin or nucous nenbranes through
direct exposure to solids, liquids or vapors; and

M gration of solids, liquids or vapors to the surroundi ng
area via surface or groundwater, air, or attachnment to
clothes or equipnent; leading to off-site exposure by one
of the above routes.

Protective equi pment and procedures specified in the HASP are
intended to elimnate or mnimze exposures and to protect
wor kers and the surroundi ng area.

6.1.2 Personnel Protective Equi pnent
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Many types of protective equi pnent are used on | andfarm ng
sites; as dictated by the type of wastes to which the area is
exposed and the degree of contam nation of the solid and liquid
medi a. Typical basic safety equi pnent for personnel includes:

' Hard hat if required in the area (overhead pi pes, other
head contact);

Hearing protection if |oud nmachinery operation is operated
(over 90 dB)

Steel -toed boots to prevent foot injuries fromdruns or
ot her heavy objects;

Tyvek® or other dustproof clothing to mnimze skin
exposur e;

Safety gl asses to protect eyes while equipnment is running
and to mnimze dust exposure; and

G oves (typically some formof synthetic pol yner such as
butyl or Viton) which protect the worker from potenti al
exposures.

Most of these itens have safety standards established by
ANSI, OSHA, or other standard-setting agencies.

I f volatile hazardous conpounds nay be inhaled at |evels
above those permtted by NCG H or other standards, respiratory
protection nust be available. Respirator cartridges avail able
from several suppliers capture various types of potenti al
contam nants, ranging fromdust/mst to volatile organic
conpounds to beta particles. Mnufacturers provide
recommendat i ons about the proper cartridge to use in a given
exposure situation.

Most | andfarnms do not require respiratory protection during
normal field operations except for dust/particul ates.
Respiratory protection is typically required only when a | andfarm
is operated in a tenporary structure. A blower-induced negative
air pressure is maintained in the building and an appropriate air
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filtration systemtreats the bl ower exhaust to protect the
surroundi ng environnent.

6.2 WASTE APPLI CATI ON

The choi ce of waste application nethod for a | andfarm depends
on whether the intent of the operation is to "make cl ean soi
dirty" or to "make dirty soil clean.” At nost hazardous wastes
sites, the landfarmsoil is essentially pre-loaded with waste and
no waste application is required. For many refinery and
petrochem cal industry |landfarnms, the waste is applied to soi
usi ng equi pnment as described in Chapter 1.

6.2.1 Waste Loading Methods

All | oadi ng nethods nmust avoi d danage or conpaction of the
liner system \Wastes typically are | oaded and soils spread using
soft-tired or balloon-tired backhoes. Snall track hoes may be
used after soil or sludge placenent in the treatnent cell.
Liners and protective layers (such as sand or gravel) nust not be
m xed with the soil to be treated, or noved away fromtheir
i ntended ar eas.

6.2.2 Depth of Lift

The practical depth of a lift in an in-situ hazardous waste
| andfarmis governed by the effective depth to which tillage
aerates the soil. In extrene cases, e.g., honogeneous sand, lift
depth can be 42 inches for a deep rake. For nost |andfarns, 18
to 24 inches is the deepest |ift practical. For hazardous waste
sites where a liner is required beneath the treatnent cell, 6 to
18 inches is typical because rototillers or disc harrows nust be
l[imted to avoid damage to the liner. A good rule-of-thunb is
for lifts to be 12 inches. The practical depth will also be
dependent on soil type, waste content, and related factors.

6.3 AERATI ON

6.3.1 Rates and Frequencies

The landfarmis aerated (cultivated or tilled) on a schedul e
ranging fromthree tinmes per week to once per nonth, as
determ ned by the degradation rate and the ability of oxygen to
penetrate soil pores. The |andfarmsize, depth of lift, soil and
waste type influence the tillage nethod and equi pnment sel ect ed.
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Tillage rates are based on the results of the treatability
studi es and system design but are al nost always adjusted during
oper ati ons based on practical experience and degradation results.

Tabl e A-23 describes the conditions which affect decisions
regarding tillage frequency.

It is inmportant to understand that excessive tilling wll not
i ncrease degradation rates but can damage soil structure and
properties such that degradation rates are inhibited, because the
bi ndi ng properties of the clay in the soil are broken.

6.3.2 Methods

Most |landfarnms are effectively tilled using a tractor and
disc harrow or rototiller simlar to that used in crop farm ng or
in road bed preparation. The equipnment is readily available from
farm i npl enent deal ers and supply stores (along with fertilizer).
The equi pment is generally rugged enough to cope with natural
soil conditions, not difficult to maintain or decontam nate, and
t he equi pnent is reasonably priced.

Tilling may be performed first across and then along the soi
contours within the treatnent cell to mnimze erosion and
sedi nentation against the landfarmberns. |[If a liner is present
bel ow the soil to be treated, the tilling inplenents nust not
penetrate the liner. Typically a gravel/sand arnoring
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TABLE A-23

Tilling Frequency

Ef f ect/ Condi ti on

Ef fect on Frequency

Soi | / sl udge has poor tilth (poor

| oft, rapid reconpaction)

Till nore frequently to
i nprove aeration

Soi |
treatnent zone

is wet near the base of the

Till nmore frequently to
pronot e evaporation

Soi |
i s decreasing)

structure is weakening (tilth

Reduce tilling frequency,
i ncrease hum c content

Heavy | oadi ngs, hi gher
wei ght (tarry) materials

mol ecul ar

Till nmore frequently
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| ayer is installed above the liner to act as a buffer zone to
prevent this type of penetration. The tilling of the arnoring

| ayer shoul d be avoided. Mst tilling inplenments have nechani sns
for limting the tilling depth.

For small or experinmental |andfarns, garden-size rototillers
may be used as scal ed-down versions of the tractor and tilling
i npl enents. The cost tradeoff between equi pnent and | abor w ||
dictate which is used.

For areas where the soil is well drained and no rocks are
present, deep rakes may be used if no wastes are to be added to
the system These work particularly well where the soil nust be
treated to a depth beyond one lift, and space is limted. Deep
raking is conducted at the sane frequencies as tilling.

In sone cases soil properties, noisture, climate and ot her
factors may require nultiple tillage nethods. For exanple, a
mol d pl ow may be needed to lift reconpacted or settled earth
prior to rake or disc tillage.

6.4 SO L AVENDVENTS

The soil (or other solids) in the landfarmrequire both
monitoring for chem cal change and anendnents to keep the
physi cal and chem cal indicators in the proper ranges.

6.4.1 Moisture Contro

The objective of noisture control is to maintain the optinmm
noi sture | evel throughout the treatnment zone. The target
noi sture content is affected by the soil (or sludge) type and the
| oadi ng | evel s.

The nost reliable paraneter for nonitoring soil noisture
content is percent of field capacity, because the above factors
are conpensated for in the calculation. Field capacity itself is
t he maxi num % wei ght of noi sture the unconfined, gravity-drained
soil can retain. An exanple would be a sandy soil wth a field
capacity of 25% neaning a maxi nrum of 250 granms of water retained
in 1,000 granms (dry wt.) of unconfined soil. Typically the
target noisture content is expressed as a percent of the field
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capacity; for exanple, 50% of field capacity for the above sandy
soil would be 125 grans water per 1,000 grans dry soil.

The target noisture content is in the range of 50-80% of the
field capacity of the solid matrix, although a range of 20-80%
wi |l usually support mcrobial activity.

Soi | suction neasures the vacuum created above a cl osed water
colum by the suction (affinity of the soil for water) through a
porous, fritted tip on the bottomof the tensioneter in intimte
contact with the soil. Misture neters determ ne noisture
content by neasuring gal vanic currents generated by dissimlar
metals in a probe in contact with wet soil.

Several products are comercially avail able to neasure soi
noi stures. One typical device - the irrigation-type tensioneter
- is a plastic tube, sealed at the top with an air-tight septum
with a fritted glass thinble at the bottom The thinble is
constructed so that water will not |eave the thinble in an
unconfined gravity drained state, but can be drawn fromthe
thinble into the soil by the soil noisture tension or "suction"
The vacuum i nduced by this soil suction is calibrated with a
measured soil noisture content for the soil under test to
determ ne the noisture content in the field. Various inexpensive
nmodel s of this type of system are avail able through agricul tural
servi ce conpani es.

Anot her conductivity neasure is a gypsum bl ock which wets and
dries with the soil in which it is in intimte contact, and whose
conductivity wvaries in relation to the water in the gypsum
bl ock. There are also direct conductivity neasurenments across
the soil-filled gap between two el ectrodes. The conductivity of
the soil varies with the water content (electrolyte solvent).

The "kick" test is a very crude test but has been used by
Superfund sites to estimate soil noisture. Soil npisture content
can be tested by kicking the soil - if it dusts, the soil is
probably too dry; but if it sticks to your boot it is probably
t oo wet.
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O her devices are used to neasure soil noisture based on
conductivity, resistivity or other physical properties. These
devi ces include gypsum bl ocks or open gap devices placed in the
soi | which nmeasure changes in conductivity, resistivity or
capaci tance through the gypsum or across a standard set of gapped
contacts in response to changes in noisture content of the gypsum
bl ock or the soil in the gap. These and other practical soi
noi sture nonitoring devices such as |lysineters are available from
conpani es such as:

! Heartland Tesh & Concord Inc.
Fargo, ND
(701) 280-1260

I rrometer Conpany I nc.
Ri versi de, CA
(714) 689-1701

Troxl er El ectronics Lab
Research Triangle NC
(919) 549-8661

Soi | Moi sture Equi pnment Corp
Santa Barbara CA
(805) 964- 3525

CPN Corp
Martinez CA
(415) 228-9770

O her suppliers can be found through farnmirrigation
equi pnment suppliers.

The suitability of any of these devices for a particular
| andf ar m application needs to be considered carefully. In
particul ar, the devices' interaction with waste conponents and
the functional results of that interaction should be considered.
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In areas where a net evaporation deficit causes water to be
needed from an outside source, local well water is the preferred
source, because there are no antimcrobial additives (e.qg.,
chlorine). However, well water nust be tested for Total
Di ssolved Solids (TDS) and the presence of netal and organic
pollutants. Sone | ocal groundwater, such as that found in parts
of the arid west, may be very high in TDS and specific netals
such as arsenic. Repeated applications will cause a progressive
accunul ation of salts and netals in the soils, and hence increase
the probability of requiring | eachate treatnment prior to
di schar ge.

If a well cannot supply the necessary water, city water may
be piped to the landfarmand treated for chlorine residuals if
necessary. The water is added through soaker hoses or sprinklers
(typically at the equival ent dose of approximately 1 inch of
wat er per dosage day as a starting point) across the surface of
the treatnment area. The actual watering rate is dependent on
factors such as precipitation, seasonal evaporation, and
cultivation activities. The application rate should be altered
as necessary to neet the design noisture content of the |andfarm
soils (as %field capacity or other nmeasure). This design rate
woul d be adj usted based on actual operating experience with that
particul ar | andfarm

In areas where the water addition rate from precipitation may
be high during parts of the operating season, increasing the

tilling frequency can help to renove excess noi sture through
evaporation and nore rapid gravity drainage to the sunp. In many
wet systens, nore frequent tilling may be tol erated w thout
damagi ng the soil structure; however, caution again is needed in
tilling clays at high noisture content, as Overtilling wll

damage the soil structure.

6.4.2 Nutrients

Qperationally, nutrient nonitoring and adj ustnent occupy a
| arge fraction of the operating tinme in a landfarm \Wile the
nutrients are discussed separately bel ow, the anmendnents are
usual |y made sinmultaneously for as many nutrients as needed.
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The primary nutrients (N & P) should be present above
threshold I evels to naxi m ze the biodegradati on of contam nants
of concern. |In practice, a noderate starting nutrient-N
concentration (50-60 ng/ kg as NH,) nmay be sel ected and applied
wi th additional anmendnments to sustain that or a | ower
concentration (10-50 ng/kg) in the soil. Application of very
hi gh ammoni um or NO, concentrations can be toxic to m crobes and
pronote a nitrification and denitrification cycle which wastes
the nutrient by converting it to N,.

To obtain maxi mum use of the nutrients, additions are
typically nmade to attain an initial CN P ratio of 400:10: 1,
where C is carbon expressed as TPH or Ol & Gease. This avoids
excessive, potentially toxic concentrations and sonmewhat
suppresses the activity of nitrifiers/denitrifiers. The process
is controlled and optim zed to raise the degradation process to
t he maxi mum practical |evel.

One approach to mnimze the nunber of nutrient additions
required is the use of tine-release fertilizers. Two major
concerns nust be addressed to successfully use these material s:

! the projected | abor savings in applying them should be
greater than their increased cost; and

the release rate should be sufficiently linear to ensure
that the matrix will not be overwhelned initially and
rapi dly depleted by mcrobial consunption and | eachi ng.

Nutrient contents of soils and managed water are often
measured using field test kits. These kits are readily
avai |l abl e, inexpensive, and sufficiently accurate to guide
nutrient addition decisions and inpacts. Wile no endorsenent is
inplied, two reputable manufacturers of these types of test kits
for soil and water testing are LaMbtte Chem cal Products Co.
(Chestertown, MD; (800)344-3100) and Hach Conpany (Lovel and, CO
(800) 227-4224) .
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6.4.2.1 N trogen
Nitrogen (N) is the nutrient required in the greatest anount

by the degradation process in a landfarm Sonme N nmay be supplied
by the contam nants (e.g., sludge or oil), but additions are
usual |y necessary to neet the mcrobial demand.

The usual formof N anendnment is as a commercial fertilizer.
In cormercial fertilizer specifications, Nis the first of the
t hree conponents listed (i.e., 33:3:3 refers to NNP:K). The N
and P content is usually expressed as wei ght percent of N and P,0g
in the fertilizer. The potassiumcontent, expressed as K,0, in
commercial fertilizers is nmuch nore significant for plants than
it is for mcrobial nutrition.

For cases where a nore concentrated formof N is desirable,
urea may be used as a discrete N source which is rapidly
converted to anmmonia and CO,in the soil. The preferred formof N
for the mcrobes is usually the ammoniumion, because this is
easily assim| at ed.

Nitrates can have two roles in nutrient bal ance:

nitrate can be assimlated by many m crobes as a nutrient-
N source, or

nitrate can serve as an el ectron acceptor in place of
oxygen (when oxygen is deficient).

Dissimlatory denitrification may becone inportant in the
deeper zones of the landfarm as water carries nore nobile
nitrates produced by m crobial ammonia oxidation (nitrification)
into oxygen-limted depths. The nitrate content of the sunp
wat er may affect the di sposal options avail abl e, because surface
di scharges control the discharge of nitrates under drinking water
regul ati ons.

Both anmoni a-N and nitrates/nitrites are readily neasured
using field test kits. The kits test water sanples prepared from
sl udge or soil sanples slurried in water to provide an aqueous
matrix for the test. The sunp water may al so be used as an
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indirect indicator of the soil nutrients, particularly with
routine nonitoring follow ng nutrient additions.

6.4.2.2 Phosphor us

Phosphorus is the second primary nutrient which typically
requires nmonitoring and addition to properly manage the
remedi ation. It is usually required at approximtely 10% of the
N concentration. As described above, phosphorus is also a part
of comercial fertilizers and is usually added as such.

As with N, the chemcal formof the P affects its utilization
by the soil mcrobes. The nost "available" form (easiest for the
m crobes to assimlate) is ortho-phosphate. However, calcium (a
common el enent in nost soils) will precipitate the ortho-
phosphate and render it less available for mcrobial nutrition.
There are several conpl ex phosphate forns which can supply the
nutrient, such as tripol yphosphates and netaphosphates, which may
provi de the necessary material in nore soluble (and hence
somewhat nore avail able) form

The field test kits used for phosphate neasurenent detect the
ortho form and the results thus may be biased |ow. However, the
presence of non-ortho phosphorus at | ow to noderate
concentrations is not deleterious and in practice is usually
ignored in operations. The test is usually run on aqueous
sanpl es; an extraction/filtration may be perfornmed on soil or
sl udge as descri bed above for N Laboratory testing nay be
performed for either ortho or total phosphate to confirmfield
test results.

6.4.2.3 Trace Nutrients

Trace nutrients are netals which are trace constituents of
cells used in various netabolic processes, and usually present in
soils. "Mcronutrient"” deficiency, while rare, is usually
detected during the treatability study if nutrient-enhanced
sanpl es do not exhibit dramatic performance inprovenents over
controls. Although mcronutrient control may prove practical in
the future to enhance treatnment kinetics, the prediction and
control of trace nutrients is inpractical at present.

6.4.3 pH Control
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M crobi al processes which degrade hydrocarbons al so affect
the pH of the treatnent system by the generation of C0, and ot her
acidic end products, which dissolve in the soil water. An
unbuffered soil systemwith a neutral pH (7.0) can rapidly becone
sufficiently acidic to slow mcrobial activity. Soil (pH 4.5-
5.0) Iimng or sonme equivalent will help neutralize the
soil/water pH, as illustrated by this chem cal equation:

CO,( gas) =CO,(di ssol ved) +H,0=H,C0O,-H'=HCO, -H?*=CO;

Afield test kit for buffering capacity of the soil should be
used to determ ne how nuch |ine should be added to keep the
proper cation (buffering) balance. This approach can be used to
antici pate pH changes and all ow correction prior to significant
pH change.

Li ne or other anmendnents shoul d be added in conservati ve,
cal cul at ed doses, because too much |ine can shock and "burn" the

system For this reason, linestone rock is often used because it
slowy dissolves in water-filled pores and thus gradually buffers
soi |l pH. Table A-24 lists pH control materials and

recommendations regarding their application. Well-buffered soils
will require | ess amendnent, but testing should be conducted
regularly to ensure that soil pH remai ns acceptabl e.
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TABLE A-24
pH Control Materials
Chemical/Material Advantages Disadvantages

Base Amendments

Lime (Quicklime)

Inexpensive, available

Potent- may burn if overapplied

Limestone

Requires more additive, adds
bulk

Works gradually, time-release
effects

Caustic solutions
(NaOH)

May be added in liquid form,
dilution can be controlled

Dilution must be carefully
controlled, may shock system

Sodium Bicarbonate

Less caustic shock, easier to
handle, good buffer

More expensive

Acid Amendments

Acidic Additives
(HNO,, H,PO0,)

Nutrient based acid, added as
liquid.

Handling precautions, cost
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6.4.4 Oxygen Addition

A relatively recent developnent in landfarmng is the
application of cal cium peroxide as a suppl enental electron
acceptor. The material is tilled into the soil with other
nutrients to enhance the oxygen concentration in water-filled
pore spaces by deconposing into oxygen and dilute caustic (which
may help with pH control) Data on the effectiveness of this
process is scarce; it may be related nore to chem cal oxidation
of conpounds by hydrogen peroxide (H0,). |If considered, two
potentially deleterious effects should be investigated during the
treatability phase:

I deconposition limting effect resulting fromincreased pH
(in poorly buffered soils) and consequential inhibition of
m crobi al nmetabolism and

sterilizing effects resulting from production of H0, and
its destructive effects on m crobes.

6.5 Bl OAUGVENTATI ON

Virtually all landfarns operate successfully utilizing
m crobes indigenous to the soils or solids being treated.
Hydr ocar bon degraders are ubiquitous in soil, thus |landfarnms do
not typically require bioaugnentation, inoculation, or the
addi tion of m crobes "designed" to degrade the known constituents
of wastes. Little evidence exists in the available scientific
[iterature to support clains that augnentation treats
contam nants better than the indigenous m croorgani sns. Sonme
studi es show that it does not enhance treatnent of nore
xenobi oti c contam nants (Lewardowski et al., 1986; Col dstein et
al ., 1985; Zaidi et al., 1988). The Anerican Acadeny of
M crobi ol ogy (AAM 1992) indicated that augnentation is, however,
an open research problemwith little fact or research to support
ei t her augnentation or non-augnentati on.

6.6 PROCESS START- UP REQUI REMENTS
Equi prent requirements for start-up include:
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I functional water punps fromsunp to treatnent, to
sprinkl ers and/or disposal,

| eak-tight piping and equi pnent,

operation and calibration of air nmonitoring systens (if
needed),

i nspection of bernms and sunp,

tillage equi pment operational and properly maintained,

nutrient storage containnment integrity, and

| eachate storage containment integrity.

6.7 SITE MAI NTENANCE

6.7.1 D ke Mintenance

Di kes or berns surrounding the treatnent area are usually
critical to the success and regul atory conpliance status of the
remedi ati on process and require periodic nmaintenance. Since nost
berns are constructed of conpacted soil (often native), the
degree of conpaction of the bermsoil and any protection such as
synthetic liners or clay layers wll affect the useful life span
of the berm Testing and (if necessary) reconpaction to neet
desi gn standards is recormmended at |east annually to prevent | oss
of bermintegrity, which nay be caused by water pressure in the
treatnent area, particularly in the sunp area. Heavy rains my
create sufficient head to collapse the wall and | eak a | arge
volume of water into the surroundi ngs, which usually nust be
reported as a spill.

Di kes or berns should be inspected every tinme the landfarmis
tilled or after an event occurs (such as |ocal flooding) which
m ght affect bermintegrity.

6.7.2 Liner Mintenance
Li ner inspection is usually performed on a spot basis by
di gging through the soil matrix to the liner in randomy selected
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| ocations. Excavated material is replaced after inspection,
presum ng that no | eaks are detect ed.

The nost common source of liner failures during operations is
tillage. WMaterials shift during treatnment, creating shall ow
spots which when tilled to uniformdepth do not protect the |iner
bel ow t he shall ow area. Liner inspections should focus on
identifying these shall ow areas. Another source of liner tears
is stones or rocks which are ground into the liner by the tillage
machi nery. Low surface pressure tillage equi pnent is recomended
to reduce the potential for tears and to m nim ze reconpaction.

Liner repairs may be made by continuing the inspection
excavation to expose the entire tear and patching it, followed by
repl acenent of the excavated material over the patch

6.7.3 Piping and Equi pnent Mi nt enance

Pi ping mai ntenance is only required to repair |eaks, and
usual |y consists of replacing hoses or pipe sections. Since
wat er i s being punped across the treatnent area, a small |eak
within the treatnment area which does not affect water flow rate
can be tol erated.

Mai nt enance of the punp flow rates and delivery of rated head
are critical to the performance of sprinkler systens or soaker
hoses in water and fertilizer distribution and application rates.
Mai nt enance may consi st of changi ng i npellers, unblocking |ines
or strainers, or replacing connections.

Wat er treatnent equi pnent mai ntenance should be perforned in

accordance wth the manufacturer's instructions and the design
Operati on & Mai nt enance tabl es.
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7.0 SAMPLI NG AND VERI FI CATI ON PROCEDURES

7.1 WASTE DEGRADATI ON MONI TORI NG

The di sappearance of waste constituents (a conpound specific
approach) or appearance of end products (C0,, bionass,
internmediates) (i.e., the collective approach), can be used to
noni t or wast e degradati on. Monitoring both is best, but is
expensi ve and may not be practical.

The approach(es) used nmust adequately denonstrate that the
wast es have actually been renedi ated rather than sinply
transforned or transl ocat ed.

Progress nonitoring usually focuses on specific organic
conmpounds, whereas control nonitoring focuses on ot her
paranmeters. In a successful biorenediation | andfarm organic
(carbonaceous) conpounds are degraded to C0,, water, relatively
stable organic soil constituents, and m crobial biomss. In
actual | andfarm operations, neasuring water and C0, as end
products is usually inpractical. Usually water nmeasurenents are
not sensitive enough to detect a change in water content of the
soils due to degradation products. The various other sources of
wat er gain and | oss can not be controlled and accounted for.
Simlarly, carbon dioxide levels in the soil can be neasured but
their origin is not certain and the concentrations are dependent
on many factors such as soil noisture, tenperature, pH, anbient
air conditions, etc.

7.1.1 Parent Conpound

Usual Iy, concentrations of both collective paraneters and
i ndi cat or conpounds (specific chem cal constituents which are
representative of a |arger group of constituents, and whose
degradation is considered representative for the group) are
established at the beginning of the | andfarm ng process. Oten,
the indicator selection is based on the conpound's toxicity,
persi stence or concentration.

A grid pattern for sanple locations is laid out across the
| andf arm and sanples are collected at grid nodes to establish an
anal ytical baseline. These locations will be periodically
resanpl ed during the | andfarm ng process.
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7.1.1.1 Concentration Reduction

Renedi ati on progress is neasured by the di sappearance of
constituents of concern (individually or collectively) relative
to their initial concentrations. Mnitored forns can be specific
conpounds (e.g., volatile or semvolatile organic conpounds) or
collective paraneters (e.g., TPHor O&5. A decrease in specific
or collective paranmeters indicates that renediation is occurring.
Because the carbon di oxi de concentration in | andfarm soils cannot
be easily neasured, the material bal ance enphasis is usually
based on di sappearance of waste constituents. Little can be done
inthe field to identify intermnmedi ate deconposition products or
their concentration unless they accunulate in the | andfarm soil s,
and can be analytically identified as discussed in Section
8.1.2.1.

7.1.1.2 Toxicity Reductions

Renedi ati on progress can al so be neasured by changes in the
toxicity of the soils (e.g., by Mcrotox® tests) as conpared al so
to the initial baseline test results (Section 4.0).

7.1.1.3 Volune Reductions

I f the waste content of the landfarmis very high, a volune
reduction will occur during |landfarm ng due to conversion of
hydrocarbons to C0, and water. Vol une reduction is a poor
progress indicator because it is difficult to assess.

7.1.2 Transformation/End Products

Waste constituents will be changed by degradation to
essentially stable end products such as carbon di oxi de, water,
and salts, or will be transfornmed into internedi ates which may be
nore or | ess hazardous than the parent conpounds. Transformation
products may not be readily identified by the standard anal yti cal
procedures. Collective analytical paraneters such as TPH, HQO&G
TOX, or TOC may be useful for this purpose, because they usually
detect responses by the unknown internedi ates al so.

Any assessnment of incorporation of waste constituents into
bi omass (m crobial cells) nmust be estimted or assuned. The
anount can range up to approximately 45 - 50% of the avail able
organi ¢ carbon but is dependent on nultiple variables in the
process. Certain conditions, such as | ow oxygen or negative
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oxi dation/reduction potential will usually favor the
transformation to internedi ate end products, which can al so cause
odors.

7.1.2.1 O gani ¢
Monitoring the remedi ati on products of hydrocarbons requires

detail ed anal ytical methods usually involving VOC or SVCC

anal yses [e.g., SW846 nethods 8015, 8020, 8240, and 8270]
(USEPA, 1986d), to neasure changes in concentrations of specific
suites of conpounds as the organic carbon content drops. Since
specific anal yses are generally nore expensive than collective
paraneter nethods, they are typically analyzed |less often to
track the progress of renediation.

Tracki ng products of the biorenediation provides a basis for
mat eri al bal ance cal culations to estimate the fate of waste
constituents, which is essential in denonstrating that
bi orenedi ati on/ m neralization is occurring.

Carbon dioxide is the key to materi al bal ance but is
typically very inaccurately neasured except under very carefully
controlled conditions. Such nmeasurenents may be useful in
treatability studies but often prove inpractical at full-scale.

7.1.2.2 lnorganic
For inorganic conpounds, sanples collected at the begi nning

and end of each lift treatnment normally suffice for mass bal ance.
Heavy netals can usually be kept immobilized with an adequate
soil pH control program

A variety of factors, such as oxidation or reduction state,
soil water content, pH, mcrobial transformations, etc., can
alter the netals' analytical extractabilities and thus
artificially skew the apparent concentrations in the soil/waste.

7.2 M CROBIAL MONI TORI NG
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Typi cal ly, landfarm ng prograns nonitor nunbers of m crobes,
usual ly by plate counts or MPN estimates of total heterotrophic
bacteria, augnented perhaps with counts of specific hydrocarbon
degrader bacteria. As discussed in Section 4.2.3.1 these results
never neasure all the biomass. These counts are primarily useful
in addressing the trend growth/death trend of a m crobial
popul ati on since they can neasure only viable cells not all soi
m crobe biomass (living and dead)

7.3 SO L M STURE MONI TORI NG

As discussed in other sections, soil noisture is a key
paranmeter for controlling landfarmng. Soil noisture can be an
anbi guous term but in |andfarm ng usually neans percent field
capacity. See Section 6.4.1 for an explanation of field capacity
and noi sture neasurenent techni ques.

When the field capacity of the soil/waste is known, the
appropriate range of operational noisture contents can be
estimated for both the treatability and, if necessary, the full-
scal e process design, although noisture requirenments should be
tested in the treatability studies. As a general rule,
| andf arm ng operations try to maintain a noisture content of 40
to 60% of field capacity.

Soil noisture will vary with depth fromsurface dryness to
near saturation at the base. The noisture content is usually
nmonitored at m d-depth of the tillage zone using a tensioneter or
ina full vertical sanple fromthe tillage zone after thorough
m xi ng. This known noisture relative to the optinumis used to
estimate the pounds or gallons of water to be applied on average
over the treatnent unit.

7.4 NUTRIENT LEVEL MONI TORI NG

Nutrients (N and P) are nonitored in the soil and sunp water
using field test kits, with the results used to guide weekly or
mont hly nutrient anendnents. These "kits" can be purchased from
vari ous vendors and are commonly used for agricultural, soi
conservation, and simlar purposes to rapidly determ ne various
soil and water analytical paraneters. These kits are useful
real -tinme, and generally accurate to the degree necessary for
field guidance purposes. Mst use well established
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chem stry/ spectrophotonetric or col or-conparative techni ques.
Laboratory confirmation tests are periodically required to
confirmtest kit results. Both amoni a-N and nitrogen oxi de-N
(nitrate/nitrite) are neasured to determne total available
nutrient-N. Soil sanpling is done at nodes across the entire

| andfarm and at depth in the tillage zone to determne | ocalized
defi ci enci es.

7.5 pH MONI TORI NG

Soil pHis usually neasured in the field or on site using
standard soil pH nethods and a standard calibrated pH neter,
colorinmeter, or litnmus paper. Typical target ranges are 6 to 8
standard units, although sone systens can operate effectively
between 5 and 9. Oxidation/reduction potential (ORP) suppl enents
the pH neasurenent; at a very low (-) ORP, anaerobic biol ogical
process are favored and the potential for odor generation and
non- oxi dative transformati ons of wastes is higher.

Soil pHis typically neasured nonthly or less frequently in
well buffered soils. The frequency of neasurenent can be changed
based on the extent of change seen during operations. Sanples
shoul d be representative fromacross the | andfarm and through the
full vertical depth of the tillage zone.

7.6 SAMPLI NG ANALYSI S PROCEDURES FOR CONSTI TUENT CONCENTRATI ON
DETERM NATI ON

7.6.1 Sanple Collection

Landfarm soi |l sanples are collected as grabs of the full
vertical depth of the tillage zone at grid nodes across the
| andfarm Several grab sanples froman area nmay be conposited
depending on soil volume of the sanpling grid area (e.g., < 100
cubi ¢ yards) and applicable regul ati ons and approved operations
pl ans. Sanpling can be done with split spoons, hand augers or
corers, or trowels or shovels. Table A-25 contains guidance for
sanpling, conpositing, preservation, shipping, |abeling and
chai n- of - cust ody procedures.

Wat er sanples may be collected directly fromthe sunp, taken
fromlysinmeters placed in the treatnent zone, or from nonitoring
wel l's placed in and around the treatnent unit. The |lysineter

A-138



ETL 1110-1-176
28 JUNE 96

sanples are nore difficult to collect but provide direct analysis
of soil water conditions.

The sanples need to be placed in suitable containers,
properly preserved, properly |abeled as to sanple origin and
anal yses desired, and acconpani ed by a chai n-of - cust ody docunent.
This ensures defensible data for project docunentation.

7.6.2 Decontanm nation

The instrunments used to collect any sanple nust be free from
extraneous contam nation. U S EPA, sone states, and standard
or gani zati ons have gui dance for the decontam nation of sanpling
equi prent, fromdrill rigs to hand augers. Initial cleaning
usual |y consists of scraping to renove gross soil, water washing,
al kal i ne detergent cleaning, water rinse, and often a nethanol
(or other fast-drying solvent) rinse. The apparatus is then air
dried prior to subsequent use in sanpling. Larger itens, such as
drill rigs, are typically cleaned using steamor high pressure
wat er bet ween sanpl e | ocati ons.

Mat eri al s used for decontam nation shoul d be di sposed of
properly. Solvents in particular nmust be handl ed and di sposed of
safely. These materials are usually segregated by matrix and
stored in druns for |ater appropriate disposal.
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TABLE A-25
Typical Analytical Methods Utilized for Landfarming Operations

Method'? Description Type® Typical Cost
MCAWW 413 1 Total Recoverable Oil and Grease* C $50
MCAWW 418.1 Total Recoverabie Petroleum c $50

Hydrocarbons*
SW 846. 6010 inductively Coupled Plasma Atomic S $15/element
Emission Spectroscopy (ICP)
SW 846: 7000 Atomic Absorption Methods (AA) S $30/element
SW 846: 7471 Mercury in Solid or Semisolid Waste S $30
{Manual Cold-Vapor Technique)
SW 846: 8010 Halogenated Volatile Organics S $150
SW 846: 8015M Nonhalogenated Volatile Organics® c $100
SW 846. 8020 Aromatic Volatile Organics S $75
SW 846: 8240 Gas Chromatography/Mass Spectrometry S $225
for Volatile Organics
SW 846: 8270 Gas Chromatography/Mass Spectrometry S $400
for Semivolatile Organics: Capillary Column
Technique
SW 846: 9045 Soil pH C $10
SW 846: 9060 Total Organic Carbon C $50
SW 846: 9070 Total Recoverable Oil and Grease* C $50
SW 846: 9071 Oil and Grease Extraction Method for c $50
Sludge Samples*

' - SW 846: Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 3rd Edition.
2. MCAWW: Methods for the Chemical Analysis of Waters and Wastes, EPA-600/4-79-020, March 1083,
. Cis for coliective methods; S is for specific methods.
‘- These methods utilize fluorocarbon-113 which will be banned in January, 1995. Laborataries will replace these
methods with Standard Methods for the Examination of Water and Wastewater (18th Edition) method 55208
(Partition-Gravimetric Method) or SW 846: 1664 (Total Petroleum Hydrocarbons).
® - This method is frequently cited for Totat Petroleum Hydrocarbon (TPH) methods by gas chromatography. This
method does not describe the analysis of TPH; however the principles in this method are applied to the analysis of
samples for gasoline, diesel and other fuel oils using gas chromatography with flame ionization detection.
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7.6.3 Analytical Methods

Anal ytical nethods are described in detail in the guidance
docunents listed in Table A-25. Generally soil/sedi nent and
groundwat er sanples are extracted and anal yzed by SW 846 (USEPA,
1986d) or CLP net hodol ogy (USEPA, 1991), while surface water
sanpl es are extracted and anal yzed usi ng EPA 600 net hods (USEPA,
1983c) and EM 200-1-3. Specific guidance for choice of
appropriate nethods is given in Appendix D (CGuide to the
Preparation of the Chem cal Data Acquisition Plan) of ER 1110-1-
263 (Chem cal Data Quality Managenent for Hazardous Waste
Renedi al Activities).

The construction/operator contractor also should use CEGS
01450 - Contractor Chem cal Data Quality Control (Decenber, 1994)
and EM 200-1-3 Requirenents for the Preparation of Sanpling and
Anal ysi s Plans (Septenber 1994).

Tabl e A-25 summari zes typical analytical nethods utilized
during | andfarm ng operations.

7.6.4 Frequency
Soil sanples are typically collected nonthly or binonthly,

depending on the |level of contamnation, tillage frequency and
nutrient additions, and expected progress of renediation. Wter
sanpl es are collected and shipped with soil sanples. Mny

anal ytical prograns have collective paranmeters neasured on
conposite sanples nonthly, and specific anal yses done quarterly
for cost control

7.6.5 Quality Assurance/Quality Contro

Quality control/quality assurance (Q¥ QC) is dictated by the
data quality objectives or the use of the data. Details of the
Q¥ L requirenents for a project will be described in the
Chem cal Data Acquisition Plan (CDAP) and in EM 200-1- 3,
Requirenents for the Preparation of Sanpling and Anal ysis Pl ans.
An outline and requirenents for the CDAP are given in ER 1110-1-
263 (COct ober 1990).
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7.7 STATI STI CAL ANALYSI S PROCEDURES
At the onset of a project, a database should be initiated
which will include (at a m ninmm:

sanpl e | ocati ons,

field identifications,

dat e sanpl ed,

date anal yzed,

anal ytical paraneters,

anal ytical results,

quantitation limts, and
I qualifiers.

Popul ar dat abase prograns such as dBase | V® Paradox®, or
Access® can be utilized for this purpose. Laboratories can
provi de di skette data in spreadsheet format (Lotus 123® Quatro-
Pro® or Excel® or ASCIl-delimted text for transfer into a
dat abase program The information in the database is then sorted
and queried to provide information for statistical eval uations,
trend anal yses or reports to agencies or clients. This data can
al so be inported into spreadsheet files for statistical analysis.
Statistical evaluations of data include averages, standard
devi ations (sanple) and T-tests. T-tests will indicate whether
there is a statistically significant decrease in collective or
specific concentrations frominitial tests to internediate or
final nonitoring. Qutlier tests can be utilized to find spurious
anal ytical results which may include transcription errors.
Cenerally analytical data fromnultiple sanples during one sanple
event are averaged to obtain a representative concentration for
the site.
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7.8 | NDEPENDENT PARTY VERI FI CATI ON / CERTI FI CATI ON

The US Arny Corps of Engineers (USACE), Hazardous, Toxic and
Radi oactive Waste (HTRW Center of Expertise (CX) at the M ssouri
River Division certifies |laboratories for use on COE projects by
procedures dictated by COE EM 200-1-1, Validation of Analytical
Chem stry Laboratori es.
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8.0 MATERIALS OF CONSTRUCTI ON

8.1 LINER MATERI ALS

8.1.1 Reconpacted Cay Liners

Reconpacted clay is the nost common |lining material, because
it has a low material cost and w de-spread availability.
Reconpacted clay |layers are typically required to have hydraulic
conductivity values below 10°® to 107 cm's, depending on regi ona
requi renents. Typical clay liner thicknesses range fromO0.5 to
1.0 neter (1.5 to 3 feet). However, the thickness for any
specific site nust be determ ned as discussed in Section 3.0 -
"Regul atory Requirenents.”

Since the material properties of clay vary regionally, site-
specific material requirenents nmust be devel oped, usually in
consi deration of |ocal borrow sources. The adequacy of a borrow
source may be determ ned through | aboratory testing or
construction of a test pad (see previously nentioned EPA
docunents) in which the borrow source and construction nethods
are tested. This procedure is expensive. |In lieu of this
operation, the operators of the borrow source or | ocal
geot echni cal engi neers may have a database on the avail able
borrow sources, with installation procedures that neet the
desired perneability. See Corps of Engineer Mlitary Cuide
Specification 02443 - Low Perneability C ay Layer when specifying
requirenents for a clay liner.

The primary advantages of reconpacted clay |liners are:

' lowmaterial costs (particularly when borrow sources are
avai l able on site),

they are extrenely durable and | ess susceptible to danage
due to over-tilling, and

they are easily repaired with readily avail abl e equi prnent.
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The primary di sadvant ages of reconpacted clay liners are:
I Installation costs are noderate to high

I The clay mneralogy requires water to fully hydrate and
formthe "tightest" barrier. Non-aqueous phase |iquids
(NAPLs) may interfere with the clays' bi-polar structure
and degrade the clay liner, thereby increasing
pernmeability.

Clay liners are subject to freeze/thaw damge and
desi ccati on cracking.

8.1.2 Ceosynthetic Cay Liners

Geosynthetic clay liners (GCLs) typically consist of a thin
| ayer of bentonite either sandw ched between two geotextile
| ayers or bonded to an HDPE sheet. Wen hydrated, the bentonite
| ayer swells to forma hydraulic barrier layer and typically has
a liquid perneability of approximately 1010 cmis. This type of
I iner system has been used as a substitute for all or portions of
standard reconpacted clay liners in many regions, particularly
where suitable clay sources are scarce.

Its maj or advant ages are:

I Self-healing properties for small punctures, and
I Low cost and speed of installation.

Its maj or di sadvant ages are:

I Material costs are noderate to high

I The bentonite |l ayer requires water to hydrate the
hydraulic barrier. In the presence of non-aqueous phase

[iquids (NAPLs), the bentonite may not fully hydrate to
formthe intended hydraulic barrier.

Extreme care nust be taken to avoid damagi ng these liners
during construction or operation of the landfarm ng unit.
Oten sacrificial soil or gravel layers are placed over
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the liner to prevent danage resulting from heavy equi prment
usage.

Because of the very thin nature of the barrier layer, GCLs
form poor barriers agai nst vadose zone m gration of
cont am nant s.

Because agency acceptance of this type of |iner has varied
significantly, pre-approval is prudent before specifying this
material. The main specification itemis the anpunt of bentonite
by wei ght per square foot because it controls the perneability of
the liner. See Corps of Engineers Mlitary Guide Specification
02442 - Ceosynthetic Cay Liners when specifying requirenents for
this type of material.

8.1.3 Ceonenbrane Liners

Ceonenbrane liners are plastic filns placed over the bottons,
sides and caps of landfarns and landfills to control |eachate
mgration. Liner materials may consist of:

hi gh density pol yet hyl ene ( HDPE)

chl ori nated pol yet hyl ene (CPE)

chl or osul phonat ed pol yet hyl ene (Hypal on), and
pol yvi nyl chloride (PVC).

The thicknesses of these materials range from20 to 120 mls
dependi ng upon the application. Standard design considerations
and construction specifications can be found in CEGS 02271,
"Wast e Cont ai nnent CGeonenbrane" and NSF I nternational Standard,
"Fl exi bl e Menbrane Liners,"” NSF 54-1993 (NSF, 1993).

O these, HDPE has becone the nost commonly used nateri al
because it is resistant to chemcal, ultraviolet and biol ogi cal
degradation. These materials have extrenmely | ow neasured
perneabilities (<10 cmls), making themvirtually inpernmeable to
| eachate or gas generated in landfills and | andfarm ng units.
These HDPE liners are typically 40 mls thick for non-hazardous
applications and 60 mls thick for hazardous applications.
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Ceonenbrane liners typically consist of |arge panels whose
ends are anchored in trenches. The panels are then rolled out
and pl aced on top of prepared subgrade or clay liners, and the
panel s are wel ded together with a double seam referred to as a
"wedge" weld. This wedge weld allows each seamto be either
vacuum or pressure tested to ensure the integrity of the |iner.

Maj or advant ages of geonenbrane |liners are:

I |owperneability to | eachates and gases,

low to noderate installation costs, and
I ability to perform"leak" testing during construction.
Maj or di sadvant ages are:

! These materials can be degraded when exposed to strong
chem cal solutions and condensates. These materials are
particularly susceptible to strong organic sol vent
sol utions.

I Extrene care nmust be taken to avoid danagi ng these liners
during construction or operation of the landfarm ng unit.
Oten, sacrificial soil or gravel |ayers are placed over
the liner to prevent danage resulting from heavy equi prment
usage.

I Material costs are noderate to high

8.1.4 Asphalt and Cenent

Asphaltic and Portland cenent concrete are not normally
specified as original liner materials for |andfarm ng, but they
have been used often in actual |andfarns for industrial sites.
Often, an unused parking | ot can serve as a site for | andfarm ng.
These "pads" are durable, can withstand the | oads of tractors and
tilling equi pment and are often built wth the proper slope for
drai nage. G avel or sand/gravel m xes can be placed directly on
t he pavenent to pronote | eachate collection and prevent danmage
during operations. They are usually |large enough to treat |arge
guantities of soil in one lift.

A- 147



ETL 1110-1-176
28 JUNE 96

This can save the cost of constructing a conplete |ining
system provided the risks resulting fromlow quantities of
contam nant mgration are acceptable. Soils contam nated with
non- hazardous | evels of nethanol, fuel products, etc., are often
| andf arned directly upon the nearest available parking | ot.
Typically the use of this type of lining system nust be
negotiated with the regulatory agency on a site-by-site basis.

Asphalt parking areas will require a close inspection and
patching in order to mnimze infiltration of |eachates. The
asphaltic concrete course should be a mnimumof 6.3 cm (2.5 in.)
thick. The pavenent should preferably be seal-coated prior to
the application of protective gravel |layers or waste soils. In
contrast to asphaltic concrete pavenents, macadam pavenents
typically provide poor resistance to | eachate mgration. Were
they are to be used, these pavenents are typically covered with
an additional lining material (asphaltic concrete, geonenbrane,
etc.).

If a Portland cenent concrete parking area is used, patching
may be required. Tinber or fibrous expansion joints should be
sealed with commonly avail able el astoneric sealants in order to
mnimze the perneability. Hghly fractured Portl and cenent
concrete pavenents have al so been covered with a seal-coat or an
asphaltic wearing course to mnimze | eakage.

In sone cases, concrete curbs or side walls nay al so be
constructed where space restrictions do not allow earthen berns
to be constructed. Were these side walls are to be joined to
exi sting concrete pavenent, epoxy joint conpounds should be used
in accordance with ACI 350R - "Environnental Concrete."

The side walls (berns) are often constructed using locally
avai l abl e clean soil. These soils should be conpacted to
appropriate structural fill requirenents. The critical
construction design el enent for these systens is the sealing of
the interface between the side wall and the bottom Mediumto
highly plastic clay soils have been successfully used to
construct the berns. Were primarily sandy or gravely soils
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are avail able for bermconstruction, a thin (typically 5 cnm
| ayer of clay is placed along the soil/asphalt interface and
"buttered" to create a | eakproof seam

8.2 PUMPS

Punps, as well as other stormwater conveyance equi pnent,
shoul d be selected to match the intended service conditions.
Stormnat er and | eachate may have the foll ow ng properties:

I High total suspended solids (TSS) content (50 to 250 ny/l)
because of the "tilled" nature of the soil;

' LowpH (4 to 7) resulting frombiological activity if
buffering capacity is not maintained; and

I Concentrations of waste constituents.

Gui dance for punp construction materials can be found in the
foll om ng gui de specifications:

I CEGS No. 11211 - "Punps: Water, Centrifugal,k"”
I CEGS No. 11212 - "Punps: \Water, Vertical Turbine,"
I CEGS No. 11310 - "Punps: Sewage and Sl udge."

8.3 PIPING AND HEADER NATERI ALS

The two types of materials which have principally been used
for landfarm ng systens are steel and plastic. Because of its
inferior corrosion resistance conpared to plastic pipe, steel
pi pe is not recommended for use in land farmng. Plastic piping
materials can be divided into two basic groups; thernoplastic
pl astics and thernosetting plastics. Mre specific discussions
of each of these materials are provided in subsequent sections.

When selecting the material to use, a nunber of factors
shoul d be considered. Utimtely, the service |ife of a pipe
material will depend on the material's durability and the
conditions to which it is exposed during service. The durability
of a plastic depends on the polyner, the auxiliary conpoundi ng
i ngredients, the manufacturer, and the installation of the
product. The durability of plastics can vary greatly with
respect to different exposures.
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Strength considerations for both PE and PVC pi pes have been
extensively researched and are well docunented in manufacturers
l[iterature. Published strength characteristics are specified at
certain tenperatures.

For a nore conpl ete di scussion of the above factors, the
reader is referred to the manufacturers' literature and the
foll om ng gui de specifications:

I CEGS No. 02720 - "Storm Drai nage System " and
CEGS No. 02730 - "Sanitary Sewers."
I CEGS No. 02732 - "Force Mains and Inverted Siphons."

The criteria in these specifications are applicable to nost
non- hazardous | andfarm ng applications. Additional guidance for
t he specification of commonly used corrugated pol yet hyl ene
dr ai nage piping systens can be found in the American Associ ation
of State Hi ghway and Transportation O ficial Standard
Speci fication M52, (AASHTO, 1990).

However, where | eachate or stormmater is RCRA hazardous or
may contain constituents at concentrations which are harnful to
human health or the environnment, nore stringent piping criteria,
such as chem cal resistant or double-walled piping, nay be
required.

8.4 STORAGE TANKS AND | MPOUNDMENTS

Leachate and contact stormmvater may be retained in either
eart hen i npoundnents or field-erected tanks. |If earthen
i npoundnents are used, the establishnent of design criteria for
liners should be perforned in a simlar manner to the nethods
outlined in Section 5.6 - "Liners and Leachate Col |l ection
Systens. " A detail ed discussion of the advantages and
di sadvantages of liner types is included in Section 8.1

Al t hough geonenbrane |iners have been used on a nunber of
sites, care nust be taken when designi ng bel ow grade i npoundnents
with these liners to prevent the liner from"floating." This
"floating" may result fromintrusion of shall ow groundwater or
fromthe devel opnent of naturally occurring biogenic gases.
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Floating of the liner will reduce the storage capacity of the
i npoundnent and may rupture the liner

Typically, carbon steel, field-erected tanks have been used
to provide storage for:

1 Leachat e,
I Contact stormmnater, and
I Nutrients.

Cont act stormwat er and | eachate from properly operated
treatment units (where pH is adequately controlled) is not
significantly corrosive. Therefore, properly prinmed and painted
steel tanks provide adequate service. Al field-erected tanks
should conply with the requirenents of the Anerican Petrol eum
Institutes Standard Specification No. 650, Welded Steel Tanks for Oil
Storage (API, 1988).

A- 151



ETL 1110-1-176
28 JUNE 96

9.0 DESIGN AND CONSTRUCTI ON PACKACGE

This section describes the USACE regul ati ons applicable to
t he design and desi gn docunents that nust be included in the
desi gn and construction package. The design and construction
package i ncl udes:

I Design Analysis,
I Contract Draw ngs, and
I Contract Specifications.

These requirenents are di scussed bel ow.
9.1 APPLICABLE USACE DESIGN POLI CI ES AND REQUI REMENTS

The foll owm ng USACE regul ations apply to the devel opnent of
desi gn docunents in their various stages for the USACE

Requl ati on Title
ER 1110- 345-710 Engi neering and Design

Dr awi ngs

ER 1110- 345-100 Engi neering and Design
Mlitary Construction

Design Policy for

ER 1110- 345-700 Engi neering and Design

Desi gn Anal yses

ER 1110- 345-720 Engi neering and Design Construction

Speci fications

ER 1165-2-132 Wat er Resources Policy and Authorities- HTRW
Qui dance for Gvil Wrks.

ER 1180-1-6 Construction Quality Managenent
O her reqgul ations should be applied as applicable.

9.2 DESIGN ANALYSI S

This section outlines the various design packages that are
typically required by either regulators, systeminstallers, or
system operators. USACE- CEGS gui dance specifications, which are
typically included in each design docunent, are |isted beneath
each desi gn conponent.
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Wrk Pl ans

A project Wrk Plan should consist of:

9.2.1.1

Wor k Managenent Pl an,

Field Sanmpling Pl an,

Qual ity Assurance Project Plan, and
Site-Specific Safety and Health Pl an.

Wor k Managenent Pl an (WW/P)

The WWP defines the scope of services, |level-of-effort,

costs,

schedul e, organization, responsibilities, and other

summary project information. Recommended m ni mal el enents of a
WWP i ncl ude:

9.2.1.2

Titl e Page

Tabl e of Contents

St atenent of Work

Proj ect Description

Si te Background

Site Geol ogy

Si te Hydrogeol ogy
Project Organization
Project Responsibilities
(bj ecti ves

ARARS
Schedul e of Activities
Cost s

Field Sampling Pl an (ESP)

The FSP provi des gui dance on the nethods to be used for field
sanpling and data gathering activities. Recommended m ni nal
el emrents of a FSP incl ude:

Sanpling Qbjectives

Sanpl i ng Locati on/ Frequency

Sanpling ldentification

Sanpl i ng Equi pnent

Sanpl i ng Procedures/ Protocol

Sanpl e Handl i ng/ Packagi ng/ Preservati on/ Shi ppi ng
Sanpl e Cust ody/ Chai n- of - Cust ody For ns

Anal ytical Paraneters
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Decont am nati on Procedur es/ Met hods
Managenment of Derived Waste
Prevent ati ve Mai nt enance

- Procedures/ Schedul es/ Docunent ati on
I Docunentation

9.2.1.3 Quality Assurance Project Plan ((QAPP)
The QAPP provi des gui dance on neeting the Data Quality
(bj ectives. Recommended mnimal el enments of a QAPP i ncl ude:

Data Quality Objectives

QA bj ectives for Measurenents

- Precision

Accur acy

- Conpl et eness

Represent ati veness

- Conparability

Anal ytical Procedures

Dat a Reduction, Validation, and Reporting
Internal Quality Control

Perf ormance and System Audits/ Frequency
Prevent ati ve Mi nt enance Procedures/ Schedul es
Specific Routine Procedures Used to Assess Data
Corrective Actions

O her Project Specific Requirenents

Qual ity Assurance Reports to Managenent

9.2.1.4 Site Specific Safety and Health Pl an ( SSHP)

Provi des a description of the potential physical or chem cal
hazards present at the site, to provide energency information in
case of injury or illness, and to describe the dermal and
respiratory protective clothing or equi pnent required of al
personnel for each phase of the field work. Qutline to be
detailed to specific project requirenents.

9.2.2 Design Analysis Requirenents
Bi ol ogi cal / Chem ca
Treatability Study

Ceol ogy/ Hydr ogeol ogy

Hydr ol ogy
Ceot echni ca
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Envi r onnent al
Archi tectur al

St ructural
Mechani ca

El ectri cal

Heal th and Safety

9.2.2.1 Records

Data for Waste

Aerial Map of Treatnment Facility
Topogr aphi ¢ El evati on Map

Equi prent Literature/ Catal og
Environnmental Performance Criteria
Cor r espondence

Pl an and Draw ngs

Process Cell and Unit Location draw ngs
Equi prrent | ayout

Equi prent  Li st

Mechani cal draw ngs

Cvil draw ngs

El ectrical Draw ngs

Typi cal Construction Sections and Details

T T 0 b}

9.2.4 Potential List of Specification Sections

Provided belowis a list of potential specifications that
shoul d be included in the contract docunents. Not al
specifications wll be applicable to every project. Corps of
Engi neers Gui de Specifications for Mlitary Construction are
shown when available. [If no guide specification exists,
experience fromprevious sites or manufacturer specifications
shoul d be nodified by the design engineer to create a
construction specification.

DVISION 1 - GENERAL REQUI REMENTS

01110 safety, Health, and Energency Response
01300 Subm ttals Procedures

01440 Contractor Quality Contro

01450 Chem cal Data Quality Contro

01XXX Summary of Work
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01XXX O der of Work

01XXX Contractors Use of Site

01XXX Pre Construction and Pre Wrk Conference
01XXX Progress Meetings

01XXX Special d auses

01XXX Measurenent and Paynent

01XXX Special Project Features

01XXX MWarranty of Construction

01XXX Construction Ceneral

01XXX On-Site Canera

01XXX Dust Control

01XXX Spill and Di scharge Control Pl an
01XXX Of-Site Alr Mnitoring

01XXX Bul ky Debris Renoval and Di sposal
01XXX Environnental Protection

01XXX Security

01XXX Regul atory Requirenents

01XXX Decontam nation and Di sposal
01XXX Surveys for Record Draw ngs
01XXX Phot ogr aphi ¢ Docunent ati on

01XXX As-Built Draw ngs

01XXX Project Record Docunents

01XXX Tenporary Utilities and Controls
01XXX Support Facilities

01XXX Denobilization and Project C ose Qut
01XXX Operation and Mi nt enance

DVISION 2 - SI TE WORK

02050 Denolition

02110 dearing and G ubbing

02210 Grading

02222 Excavation, Trenching, and Backfilling for Utilities
Syst ens

02271 Waste Contai nment Geonenbr ane

02272 Separation/Filtration Geotextile

02273 (Geonet

02287 Biorenedi ati on Usi ng Landfarm ng Systens

02442 Geosynthetic O ay Liner

02443 Low Perneability O ay Layer

02671 G ound Water Monitoring Wlls
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02720 Storm Drai nage System

02730 Sanitary Sewers

02831 Chai n-Link Fence

02XXX Wel | Abandonnent

02XXX Hazardous Material Excavation and Handl i ng

02XXX Excavation and Random Fill for Landfarm Li ner
Syst ens

02XXX Test Fill Sections

02XXX Leachate Coll ection System

02XXX Sand/ Gravel Drai nage Layer

02XXX Geogrid Reinforcenent Materia

02XXX Vadose Zone Monitoring Probes

02XXX Drainage Structure

02XXX Tenporary Erosion and Sedi nent Controls

02XXX Permanent Surface Water Controls

02XXX Decontam nation Facility

02XXX Roadways and Par ki ng Areas

02XXX Water Lines

02XXX Cont am nat ed Li qui ds Renoval

02XXX Site Mintenance

02XXX Denobilization and Project C ose Qut

02XXX Post - Constructi on Mai ntenance Activities

DI VI SION 3 - CONCRETE

03100 Structural Concrete For maork

03200 Concrete Rei nforcenent

03250 Expansion Joints, Contraction Joints, and Water
St ops

03300 Concrete for Building Construction

DIVISION 5 - STEEL
05500 M scel |l aneous Met al

DI VISION 11 - EQUI PMENT
11XXX Stormwat er Transfer Punps

11XXX Irrigation Punps
11XXX Activated Carbon Adsorption System
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DI VISION 13 - SPECI AL CONSTRUCTI ON EQUI PVENT
13XXX Nutrient M xing/Feed System
DI VISION 15 - MECHANI CAL
15XXX Val ves, Pipe Hangers, and Supports
15XXX Thermal Insulation for Mechani cal Systens
15XXX Process Piping and Appurtenances
15XXX Irrigation Piping and Appurtenances
DIVISION 16 - ELECTRI CAL

16XXX Electrical Work
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